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ABSTRACT 


This  thesis  deals  with  the  evaluation  of  the  fields 
on  the  earth's  surface  of  elevated,  simply  oriented  dipoles. 

It  contains  a  complete  treatment  of  all  four  problems  (ver¬ 
tical  and  horizontal  electric  and  magnetic  dipoles) .  Exact 

of 

solutions  for  the  Hertz  vectors,  someAWhich  have  not  previous¬ 
ly  appeared  in  the  literature,  are  derived.  Approximatlo*ns 

are  applied  and  surface  fields  and  Impedances  are  calculated 

4 

in  the  period  range  0.1  -  10  seconds. 

The  complex  Integrals  that  appear  in  practically 
all  field  components  have  been  evaluated  with  the  aid  of  the 
IBM  1620  in  the  Computing  Center,  University  of  Alberta. 

The  fields  have  been  computed  for  a  model  earth  composed  of 
a  highly  conductive  layer  4  km  thick  overlying  a  less  con¬ 
ductive  substratum  extending  downward  to  infinity.  The  be¬ 
haviour  of  some  of  these  fields  have  been  carefully  discussed. 

Apparent  resistivities  of  this  earth  model  have 
been  computed  for  the  dipoles  and  compared  with  those  based 
on  Cagniard  and  the  Price-Wait  magneto-telluric  theories. 

It  is  found  that: 

(1)  The  apparent  resistivity  (p^)  curves  of  the 
electric  dipoles  are  very  much  different  from  those  of  the 
magnetic  dipoles.  Nor  is  there  any  resemblance  between  the 
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p  curves  of  vertical  and  the  horizontal  electric  dipoles. 

(2)  The  Prlce-Walt  p  curves  are  very  similar  to 
those  of  magnetic  dipoles.  Thereby  It  Is  possible  to  under¬ 
stand  better  the  meaning  of  the  parameters  (  v  and  /J  In 
their  theories. 

(3)  Cagnlard's  theory  Is  found  to  yield  good  ap¬ 
proximations  for  apparent  resistivities  as  compared  with 
Price's  tind  the  aipole  values  In  the  short  period  (0.1  -  50 
secs.)  range.  However^  for  longer  periods  (50  -  10^000  secs.) 
there  Is  a  considerable  difference  between  Cagnlard's  value 
and  that  of  the  others.  It  Is  concluded  by  comparison  with 
observation  data  that  Cagnlard's  theory  needs  modification 
for  the  longer  periods. 
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I.  INTRODUCTION 


1.1  Statement  of  the  Problem 


The  study  of  the  electromagnetic  fields  of  an  oscil¬ 
lating  dipole  in  free  space  is  a  fundamental  but  comparatively 
simple  problem  in  classical  electromagnetic  theory.  However, 
it  becomes  very  difficult  when  one  takes  into  account  the  dis¬ 
turbance  caused  by  an  electrically  inhomogeneous  spherical 
object  like  the  earth.  Basically,  the  investigation  of  the 
earth’s  disturbance  on  the  dipole  fields  starts  with  the  theory 
of  earth  wave  propagation  which  arose  about  half  a  century  ago 
with  the  invention  of  telegraphy.  With  the  advent  of  modern 
radio  technique  in  the  last  thirty  years,  the  Important  prac¬ 
ticality  of  the  problem  became  all  too  obvious  and  consequently 
has  been  a  subject  of  active  and  extensive  investigation. 
However,  as  in  many  other  practical  problems,  this  has  to  be 
greatly  idealized  in  order  to  iliake  the  calculation  not  too 
Involved.  As  the  work  in  this  study  shows  later,  even  for  an 
extremely  simple  model  the  mathematical  complexity  of  the  re¬ 
sults  renders  impossible  the  immediate  visualization  of  the 
field  components  without  the  help  of  a  high  speed  computer. 

In  this  study,  the  following  simplifications  will  be 

made  : 


1 


Qilj  to.:..  timers  I  *  £ 


-L  t'OaQ  n.6  ‘i©  ablsl'i  Oi:t©q^ni.o'tvta©i©  sfi.^  T#  \;,bu#a  /  • 

X^^O'^i^B^sqtnos  s  ai  9©x;qa  ©tvtl'  :aX"s.roql-fe  gnlit^I 

^‘isy^woH  , ,  \’:‘xq©4.cf'  Diq-3xxsx^mo-xcro9X&  Xbo  taaB.i©  n i  m&Ldonq  eLqmla 
~alh  9ri;t  qrijjoooB  ©fiO:  •»^cfw  ssflioo^d  ctl 

iBoldariqa  ado.e«as©mo,d©l  ^XlBol^iddoI©  ae  y^cf  XaaxfBO  ©ana^Tud 
©ficr  lioidBgXdasvrrX  ©fid  ^i^XXaaxaBa  .dd'iBs  ©rid  ©3{iX  dostefd- 
Tj-cosrid  ^©rid  ridXv^  ed'XBda -aMalX^  ©  arid  nd  aQfJBtodaiJb  a^^ridriB© 
.ogB  ■^^i'lTjdnso  i  XlBri  dx/ociB  ©aoqB  rioiriw  ©oxdBSBqo'iq  ©v-bw  ridiB®  .'io 
o'X9i)OQx;  iq  dq-av'dB  ..©rid  ridXW  ..tsriqarigS'Xad  Xq  ixotdnwni  ©rid  ridlw 


’-©Briq  dnBd'Xoqflix  -©rid  x:^^xbbx  daBl  .©rid-.^nX  ©Mpxqririad  oXfejBri^ 

^Xd,n©fjpeaao-o  IjaB-  suoXvefo  ood  XXb  ©piBOsd  M.QXdodq  ©rid  lo  tdXlBoXd 
. noi.dBgida,.©vB i  ©vXariadJfeq  X>ria  .  ©vXddB  do..  do©c,-efija  b  nsacf  .asri 
©ri  od  BBri  adrid  v.amMdo^q  '  XxiriddoBriq.  ■xarid©  -t^a  t*i©y©woH 

ood  dQn  .rioldBlx^o.lBo  ©rid  ©siB^ir.Qd  .'x.sMo  nl ''froaXiBsf)-!  ^^idBerig 
HB  loX  n©v9  t'XodBX,  aw-Qfia  alrid  .ri  t  .■>i'xo'W  ©rid  aA  ,.£)9'VXovn.X 

-91  ©rid  do  Ydxxojiqmpo  xXBoXdBiPoridBdt  arid  X©Jbo^  ©XqpfXB  dfXaro^^ 

rioldasiXBJLfaXv  .©diad^sfri/rtl  ©rid  ©Xrilaaoqfpi  ■a'l ©final:'  adiri-a 
.iddpqmoo  fioeqa  ..riaXri  a;;lo  'qX'9ri  ©rid  dXfQri.dlw  adcfsno'qiPO'O  'fiXoX’i 
©d  XXivi  afioXdBoi'.XtIqnjXa  snfvjoXXo'i  ©rid  t  8.trid' rit ' ,  • 


£ 


&b£,m 


2 


(1)  The  dimension  of  the  dipole  source  Is  Infinitely 

small  In  comparison  with  the  wave  length.  The  range  of  fre- 

-4 

quency  we  are  Interested  In  In  this  study  Is  between  10  to 

/  4  \ 

10  cycles  per  second  (T  =  .1  -  10  sec.)  with  the  corresponding 

7  12 

wave  lengths  between  3  ^  10  -  3  x  10  meters  In  free  space. 
When  we  take  the  Ionic  currents  In  the  lower  part  of  the  Iono¬ 
sphere  as  a  source,  their  dimensions  should  be  small  when 

7  8 

compared  to  3  x  10  meters  for  T  =  .1  sec.  or  3  x  10*^  meters 

for  T  =  1  sec.  Bomke  (1962)  has  estimated  that  a  magnetic 
dipole  source  for  the  geomagnetic  fluctuation  of  1  cps  Is  about 
400  -  500  meters  In  diameter,  and  comparatively  larger  for 
those  of  .1  -  .01  cps.  This  criterion  for  small  source  dimen¬ 
sion  will  therefore  not  likely  Invalidate  our  general  results 
when  applied  to  Investigate  these  fluctuations. 

(2)  The  earth  Is  Imagined  to  be  a  vertically  Inhomoge¬ 
neous  half  space  of  two  layers  with  plane  boundaries.  The  top 
layer  Is  of  uniform  finite  thickness  In  contrast  to  the  sub¬ 
stratum  which  extends  to  Infinity.  The  flatness  of  the  earth 
Is  Justified  If  the  height  of  the  dipole  Is  not  too  great  and 
the  observation  distance  not  too  large  In  comparison  with  the 
earth’s  radius;  here  ,  only  the  results  calculated  from 
low  frequencies  will  be  discussed.  While  three  or  more  lay¬ 
ered  models  will  present  no  more  difficulty  In  principle,  the 
calculation  resulting  from  these  models  will  certainly  be  a 
great  deal  more  Involved  because  of  the  additional  boundaries 


one  has  to  consider. 


(3''  '-i-'l-f;  iippor  liair  apaco  In  wliicii  Pho  dipoles  ai'O  situated 

is  considered  to  be  free  space,  l.e.  the  conductivity  of  the 
all’  Is  considered  negligible  and  the  permltlvlty  and  permeabi¬ 
lity  equal  to  Gq  and  respectively.  In  other  words,  the  re¬ 
fractive  Index  of  the  earth  Is  much  greater  than  unity. 

(4)  Ionospheric  Influence  Is  neglected  In  the  development. 

Strictly  speaking.  If  the  dipole  Is  situated  In  the  space  be¬ 
tween  the  earth  and  the  Ionosphere,  the  Influence  of  the  latter 
Is  significant  for  hlgh.er  frequencies,  although  for  short  ranges 
of  distance  the  ground  wave  may  dominate  the  lonsopherlc  re¬ 
flected  waves  and  the  neglect  of  the  Ionospheric  Influence  Is 
therefore  permissible.  In  this  study,  the  source  Itself  Is 
taken  as  a  component  of  the  Ionospheric  disturbance,  therefore 
no  reflected  waves  from  the  Ionosphere  need  be  considered. 

1.2  Historical  Review 


To  put  the  problem  In  Its  proper  historical  perspec¬ 
tive,  one  should  really  begin  with  the  Investigation  of  elec¬ 
tromagnetic  wave  propagation  In  presence  of  a  spherical  object 
near  the  end  of  the  last  century,  when  physicists  did  rigorous 
research  on  the  scattering  of  light  In  the  atmosphere,  on  op¬ 
tical  phenomena  caused  by  colloidal  particles,  and  on  the  dis¬ 
tribution  of  light  In  a  rainbow  and  other  related  topics.  In 
all  these  problems  the  particles  are  good  reflectors  and  light 
sources  are  placed  at  Infinite  distance  from  them,.  In  the  case 
of  a  radiating  dipole  In  presence  of  the  earth,  the  distance 
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between  the  source  and  the  object  is  finite  and  the  earth  Is 
not  a  good  reflector  In  the  frequency  range  of  Interest  here. 
Despite  the  differences  In  their  physical  constants  and  geome¬ 
tric  configurations,  all  these  problems  can  be  generalized  Into 
a  diffraction  problem.  Naturally,  these  differences  yield  com¬ 
pletely  different  results  In  each  case.  However,  It  Is  pre¬ 
cisely  the  difference  from  all  the  other  problems  cited  above 
that  enables  one  to  make  a  simple-minded  approach  toward  a 
final  solution  for  the  problem  under  consideration  as  developed 
by  A.  Sommerfeld. 

Sommerfeld  established  the  classic  approach  to  sol¬ 
ving  this  problem  In  two  papers  published  In  1909  and  I926.  He 
treated  the  earth  as  a  homogeneous  half  space  with  a  flat 
boundary.  The  dipole  was  situated  above  the  surface  of  the 
earth.  By  a.rgument  of  symmetry,  he  obtained  Hertzian  vectors 
In  an  Integral  form  and  expressed  the  electric  and  magnetic 
fields  as  derivatives  of  these  Hertzian  vectors.  The  entire 
problem  Is  a  boundary  value  problem.  Since  his  method  will  be 
set  forth  In  Chapter  2  of  this  thesis.  It  Is  not  necessary  to 
dwell  upon  It  here  In  greater  detail.  However  It  Is  Important 
to  note  that  many  papers  published  In  the  following  thirty 
years  were  based  upon  his  work. 

Following  Sommerfeld,  B.  Van  der  Pol  (1935)  develop¬ 
ed  the  theory  of  reflection  of  electromagnetic  waves  from  a 
dipole  by  a  conducting  flat  earth  by  analogy  to  the  theory  of 
the  reflection  of  light  from  a  mirror.  He  extended  the  mathe¬ 
matical  results  given  by  Sommerfeld  and  gave  them  a  physical 


interpretation.  He  concluded  that  in  the  first  medium  (air) 
the  fields  can  be  described  as  the  result  of  the  secondary- 
waves  originating  in  the  second  (conducting)  space  in  addition 
to  the  direct  radiation  from  the  source.  The  amplitude  of 
these  secondary  waves  is  determined  by  the  amplitude  of  a 
primary  wave  which  can  be  considered  to  spread  from  the  geome¬ 
trical  image  of  the  point  source  with  the  propagation  constant 
and  absorption  coefficient  of  the  second  medium.  The  higher  the 
conductivity  of  this  second  medium,  the  more  the  primary  wave 
is  concentrated  near  the  image  of  the  point  source.  As  a  limit 
when  the  second  medium  has  an  infinite  conductivity,  the  pri¬ 
mary  wave  is  wholly  concentrated  at  the  image  itself. 

Van  der  Pol  and  Bremmer  (1937,  1938)  developed  a  ri¬ 
gorous  theory  of  the  diffraction  of  electromagnetic  wave  from 
a  point  source  around  a  spherical  object,  and  applied  this  to 
the  theory  of  the  rainbow  and  radio  wave  propagation  around 
the  earth.  In  1938  they  specifically  extended  the  theory  for 
radio  waves  over  a  finitely  conducting  earth.  In  the  1937 
paper  they  gave  explicit  formulae  for  two  limiting  cases, 
namely  total  reflection  and  maximum  absorption  while  in  1938 
they  derived  approximate  expressions  for  the  most  general  case 
for  all  intermediate  values  of  a  (conductivity)  and  e  (perml- 
tivity)  and  for  all  frequencies.  In  both  papers,  they  let  the 
radius  of  the  sphere  approach  infinity  and  in  the  limit  they 
obtained  expressions  formerly  given  by  Sommerfeld  for  a  flat 
earth . 

While  Van  der  Pol  and  Bremmer' s  approach  is  valued 
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for  Its  generality  because  It  Includes  the  effect  of  the  earth’s 
curvature^  Somme rfe Id ' s  treatment  has  the  advantage  of  simpli¬ 
city  and  straightforwardness.  It  Is  not  difficult  to  see  when 
the  earth  is  vertically  inhomogeneous,  Van  der  Pol  and  Bremmer's 
treatment  v\[lll  be  much  more  complicated  than  Sommerfeld’s  and 
consequently  Sommerfeld’s  is  preferred.  Strictly  speaking, 
for  near  fields  and  certain  frequency  ranges,  the  neglect  of 
the  earth’s  curvature  results  in  no  loss  of  generality.  To  con¬ 
clude  this  classic  phase  of  the  development,  it  should  also  be 
mentioned  that  besides  Sommerfeld,  Van  der  Pol  and  Bremmer, 

Weyl,  Nifssen,  Lord  Rayleigh  and  Mle  also  had  made  valuable  con¬ 
tribution  to  the  problem. 

Late  in  the  1920 ’s  and  throughout  the  1930 ’s  the  ra¬ 
dio  engineers  had  done  a  great  deal  of  work  in  connection  with 
the  properties  of  the  dipole  radiation  fields  on  the  surface  of 
a  homogeneous  ground.  Norton  (1937)  gave  a  very  complete  ana¬ 
lysis  of  the  dipole  fields  on  a  flat  homogeneous  earth.  The 
engineer’s  calculations  were  exclusively  based  on  the  previous 
works  of  Sommerfeld,  Van  der  Pol  and  NiSssen.  In  the  meantime 
the  telephone  engineers  simulated  a  horizontal  electric  dipole 
with  a  short  wire  and  integrated  Sommerfeld’s  results  for  a 
horizontal  electric  dipole  to  obtain  the  fields  of  infinitely 
long  wires,  calculating  the  mutual  impedance  between  two  such 
wires.  It  is  worth  noting  that  many  of  the  later  publications 
made  use  of  these  results  (Walt,  1951^  Wolf,  1946). 

In  spite  of  the  fact  that  electrical  prospecting  had 
claimed  considerable  amount  of  success  in  the  early  30’s,  de- 
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tailed  study  of  dipole  fields  as  a  tool  of  geophysical  prospec¬ 
ting  had  not  been  carried  out  until  much  later.  A.  Wolf  (1946) 
seems  to  be  the  first  writer  to  develop  rigorous  mathematical 
expressions  for  prospecting  purposes.  In  his  paper  the  source 
Is  a  horizontal  electric  dipole  lying  on  the  surface  of  a  two 
layer  ground.  The  earth  Is  treated  as  flat  and  no  influence  of 
the  Ionosphere  is  included.  The  method  he  has  used  is  the  me¬ 
thod  developed  by  Sommerfeld  as  mentioned  earlier.  However, 
due  to  the  formidable  complexity  of  the  Integrals  Involved,  In 
order  to  give  any  useful  results  he  has  to  resort  to  drastic 
approximations.  Consequently,  he  has  determined  only  the  elec¬ 
tric  fields  of  two  special  cases,  namely  the  case  In  which  the 
conductivities  of  the  two  layers  are  nearly  equal  and  the  case 
In  which  the  lower  layer  is  a  perfect  insulator.  In  the  former 
case  he  retains  only  the  first  order  terms  In  Ac  (=  O2  - 
the  conductivity  contrast)  and  In  the  latter  case  only  terms 
of  zero  and  first  order  in  frequency  are  considered.  In  both 
cases  he  illustrates  the  use  of  these  expressions  by  calcula¬ 
ting  the  mutual  Impedance  between  two  short  wires,  one  being 
the  dipole  source. 

In  1951  two  major  papers  on  dipole  fields  were  publi¬ 
shed  in  connection  with  geophysical  exploration  problems. 

They  are  by  Slichter  and  Walt. 

Sllchter  (l95l)  has  discussed  an  interpretation  pro¬ 
blem  of  electromagnetic  prospecting.  He  uses  an  arbitrary 
circular  current  sheet  perpendicular  to  a  flat,  two  layer 
ground  as  a  magnetic  dipole  source.  He  assumes  the  electromag- 
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netic  properties  of  the  substratum  as  constant  but  those  in  the 
top  layer  are  unknown  functions  of  depth.  By  subjecting  the 
earth  to  a  dipole  field;,  he  has  derived  expressions  of  these 
unknown  functions  of  depth  by  inverse  Fourier  transform.  The 
final  results  are  in  terms  of  continuous  measurements  of  the 
radial  and  vertical  magnetic  fields  on  the  surface  of  the 
ground;,  theoretically  out  to  infinite  distance.  Since  he  also 
shows  that  under  this  situation  the  horizontal  and  vertical 
magnetic  fields  are  mutually  dependent ,  it  is  necessary  to  mea¬ 
sure  only  one  component  of  the  magnetic  field  on  the  surface 
of  the  earth.  V/iiile  he  has  not  provided  any  expression  for  the 
electromagnetic  fields  of  a  dipole  above  a  conducting  earthy 
his  approach  is  nevertheless  fresh  and  stimulating. 

Wait  (1951)  has  derived  formal  solutions  for  a  magne¬ 
tic  dipole  on  the  surface  of  a  two-layered  earth;,  mainly  fol¬ 
lowing  Sommerfeld.  The  energy  source  is  harmonic  in  time  and 
is  simulated  by  a  current  loop.  In  this  paper  he  has  derived 
expressions  for  mutual  impedance  between  two  coplanar  loops 
(horizontal  on  the  ground)  and  between  a  loop  and  a  segment  of 
wire  lying  on  the  ground.  As  subject  to  mathematical  difflcul- 
ties,  he  can  only  treat  some  special  cases:  the  case  of  a 
homogeneous  flat  earth,  the  case  of  a  poorly  conducting  upper 
layer,  and  the  case  of  a  thin  conducting  sheet  of  infinite  ho¬ 
rizontal  extent  upon  a  substratum  of  poor  conductivity.  He 
did,  however,  give  great  mathematical  details  for  each  case 
and  some  of  the  results  in  terms  of  tabulated  Integrals  (Fos- 
ter,  1933). 
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Bol;\vocu  the  years  195’1-  and  1962,  Walt  has  published 
no  less  than  25  notes  and  papers  on  the  topic  of  dipole  radia¬ 
tion  fields  over  a  flat  earth.  Nearly  all  of  them  Invariably 
follow  the  approach  developed  by  Sornmerfeld.  Most  of  them 
are  extensions  of  the  mutual  coupling  of  loops  and  wires  on 
the  surface  of  the  earth.  All  are  developed  for  the  purpose 
of  geophysical  prospecting. 

Slichter  and  Knopoff  (1959)  have  extended  the  re¬ 
sults  of  one  of  the  authors  (Slichter  1951)  through  a  high 
speed  computer  for  a  vertical  magnetic  dipole  on  the  surface 
of  a  2-layered  earth.  However,  for  mathematical  convenience, 
they  have  adopted  for  dipole  source  a  rather  artificial  clr- 

r  1  '  /  \  — lU)t 

cular  current  sheet  with  a  current  density  C  =  LcJ'.p/pQje  , 
where  p  <  p^,  p  being  the  radial  distance  from  the  centre 
and  Pq  the  radius  of  the  source,  and  [c]  being  the  unit  of 
current  density.  Extensive  values  of  the  field  components 
have  been  calculated  for  different  values  of  dimensionless 
conductivity  and  at  various  numerical  distances  from  the 
source.  Since  the  parameters  used  are  dimensionless,  the  com¬ 
puted  values  and  curves  can  be  used  for  many  different  layer 
thickness  and  conductivities.  However,  since  they  are  aiming 
at  a  solution  for  geophysical  exploration  purposes,  they  have 
only  given  in-  and  out-of-phase  magnitude  of  the  magnetic 
fields . 

Owing  to  the  fact  that  the  dipole  field  study  is 
one  of  great  interest  to  both  the  communication  engineers 
and  the  exploration  geophysicist  and  that  publications  in  its 
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connection  cover  a  vast  area^  It  Is  almost  impossible  to  scru¬ 
tinize  all  the  papers  on  the  topic.  Nevertheless,  great  care 
has  been  taken  in  this  section  to  cover  what  is  considered  to 
be  of  prime  Interest  to  this  study. 

1 . 3  Connection  with  Other  Problems 


As  reviewed  in  the  last  section,  the  study  of  the 
dipole  fields  in  presence  of  the  earth  is  interesting  in  its 
own  right,  and  it  is  even  more  so  for  its  very  useful  applica¬ 
tion  in  exploration  geophysics  and  communication  engineering. 
However,  its  possible  connection  with  natural  geophysical 
phenomena  also  offers  a  great  opportunity  for  serious  inves¬ 
tigation.  This  section  is  therefore  devoted  to  the  conside¬ 
ration  of  two  related  problems  that  may  gain  some  clarification 
from  this  study. 

The  magnetic  dipole  found  its  way  into  geophysics 
in  a  rather  grand  manner  when  William  Gilbert  published 
De  Magnete  in  l600.  By  then  it  was  known  that  a  magnetized 
needle  not  only  tended  to  point  north  but  if  free  to  move  ver¬ 
tically  would  also  dip  in  the  northern  hemisphere  and  tilt 
upward  in  the  southern  hemisphere.  Seeking  an  explanation 
for  this  behaviour,  Gilbert  boldly  assumed  the  earth  as  a 
giant  magnet  and  the  earth's  magnetic  field  as  a  dipole  field. 
The  next  three  and  one  half  centuries  have  witnessed  drastic 
modifications  of  Gilbert's  assumption  that  the  earth  is  a  per¬ 
manent  magnet.  During  this  period  the  earth's  magnetic  field 
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has  been  analysed  with  great  mathematical  elegance.  However, 
the  main  field  Is  still  recognized  as  a  dipole  field  arising 
In  the  earth's  Interior.  Superposed  on  the  main  field  are 
many  types  of  rapid  geomagnetic  variations  which,  to  a  greater 
or  lesser  extent,  are  due  to  the  changing  physical  conditions 
In  the  upper  atmosphere.  A  typical  example  of  these  Is  the 
magnetic  storm  for  which  the  sudden  disruption  of  the  upper 
part  of  the  Ionosphere  by  solar  particles  bears  the  responsi¬ 
bility. 

Among  these  geomagnetic  variations  Is  one  type  which 
Is  now  widely  known  as  geomagnetic  mlcropulsatlons .  These 
pulsations  are  now  recognized  to  originate  outside  the  earth. 
Geophysicists  are  now  diligently  studying  these  pulsations 
and  making  good  attempt  to  use  them  to  Investigate  the  Inte¬ 
rior  of  the  earth.  This  kind  of  Investigation  Is  based  upon 
a  theory  generalized  by  Cagnlard  (1953)  which  Is  now  known  as 
the  magnetotellurlc  theory.  Both  the  geomagnetic  mlcropulsa- 
tlon  and  the  magnetotellurlc  theory  will  presently  be  des¬ 
cribed  to  show  how  they  are  connected  with  the  study  of  dipole 
fields . 

Geomagnetic  Mlcropulsatlon 

Geomagnetic  mlcropulsatlons  are  small-amplltude  high- 
frequency  fluctuations  of  the  earth's  magnetic  field.  They 
are  arbitrarily  classified  Into  three  main  categories:  Pc, 

Pt  and  Pg . 

Pc  (continuous  pulsations)  Is  self-explanatory.  It 
Is  a  continuous  series  of  regular  geomagnetic  oscillations 


'  ■  V 

Bipqif):  B  '^slnso3s>T,  irirfa  aX''fcX9Xl\.nXBnT-s^B 
BiBm  Slier  ' no  £>9:Bqqi3qtia  .BoX*iBern.t  g  'ffer'iBs'  Bdct  nl 
‘ie:^B9n§  B  oX  ^riol#/e  BnoXsT^BX^fiv  oi.vtsn^BBfqS'g  fclQBT' lo  b&ciy,^  ’  ■ 

anBlX.tBnoo  lBbXsAjrfq.3nl:,\inB£fO'  orfX  ocT  eui^  9‘ib  ^et-nBefxB-  ns.agsl'  qo 
miS  ■  a.t'  Basrf'^j-  1o  ©IqiHBXB.,  XBolq’<^:f  A  .  e*i^f{q®qmbB  wiQB  Bd'rf'  -nJE 
leqgtf  ©rfd-  IS'  nGld-qnnaxf)  rmbbuB  enS  ftolrtw'  nol  rngoia  s'lersasBrn 
-Xanc^asn/' oK'd^  ' snB94  seXQXcrn/Bq  Xb  aBOrtqeoaai.  ©rfX  lo 

'  '  ■  '  '  ■■  '  i'/V''  '  '  ■'  ■'  ■'  ■ 

rioift-w  Bqi£B  .eno  aX  aqqlX.^J:qBy  sasm  BnomiV 

'  98  9rfTi  '  .  anoXXB-a'InqDnoXfl'i  oiXsiiSBAjosa  sb  nwoff5f'  yIbMw  won  ai 
■.  fiXn'BQ  srfX  ©MsXno  9XB,nX®lno  ox  fossingoos'i  won  b*ib  a,nQ.tXB8XBq 
■  anoiXBaiBq  daOriX  won  steb  ■  aXslolstrfqoeO 

-oXni  onef  9XBSt.B8ovnf:vavt:  iiisjXX  $au  oX  Xqirisei'XB  l>oog  f)nB 

noqn  beasB -  aX  noXXBaXXBsvai  lo  gXriX  ..ilX'iBS  MX  to  noXn 

if  s 

SB  nw:ori>i--won  aX  rloXfiw  •V;q  fcesXlBnMBg- 

-Bal f.fqp'toXin  OXXBngBfiio©^  c{Xo0  .’■^•xcofiX  oXnnXIoXoXsngfifn  BrfX 

-seq^odn^IXnoaenq  HXwiiiitnoBrfX  oXnnilsXoXon^Bm  ©rfx  hna  noXX 

.:-  .  V,  .'V  ■:^,;  '  •  ■  ' . 

B,[oqX&'''io  n^^XjnXa  ©jiX;;  riX  £w  foBXosnnoo  .©nB'  "^ssriX  w<orf  worfa  oX  Boqxno 


nOXXB8Xn;<^noiM:'  oXr^Qn^BAtOB0-’^5^'  "  X  •■ 

n^Xri  oBBXXXqilfB-XiBii.iig  onB  BnDXXBa.Inqomim  oXXonsBiaool)  '  .  ^  ■■' 

,YOiiT  MbioX  i  oxXsngBM  ,s.rfx  -Xo  anoXXBX/XbiiXX  ■\(j;.srfBxfpon!X  ■' 

.oq  laBXncgsXBO'  nXBia;y0eg:rfX..'-^^^  fcoXtXaaBXo '^XXnBnXXqTB 

'  ’  ^  ■  ■■'f  .m  -  Mb  Xf 

il  •  ^f~b3'BnBiqx9-Xl9s  .  aX  vsnoXXBBlx/q '  andBnXXnos)  ')  o-i 

anoXXBlIXoeo  olXengBifioss  nBlngM  •  Xo  BBXnoa  ajyoimXXnM  B  gX 

■F./'  ,-•; 


12 


that  may  last  for  several  hours  and  whose  amplitude  Is  a  frac- 

_  c 

tlon  of  a  7  (17=  10  '"^gauss)  .  However  the  amplitude  has  been 
observed  to  Increase  with  geomagnetic  latitude  and  It  attains 
maximum  In  the  auroral  zone.  The  range  of  periods  of  Pc  va¬ 
ries  but  Is  usually  observed  between  10  -  60  sec.  Very  noti¬ 
ceable  Pc's  appear  after  the  last  phase  of  a  magnetic  storm 
and  may  persist  for  one  or  two  days  or  even  longer. 

Pt  (pulsation  train)  appears  as  several  separate 
series  of  damped  oscillations.  The  damping  time  of  each  se¬ 
ries  varies  from  a  few  to  ten  or  twenty  minutes.  An  entire 
Pt  may  last  about  an  hour.  The  period  range  of  these  oscil¬ 
lations  Is  from  4o  -  100  sec .  ^  although  they  have  been  obser¬ 
ved  with  superposition  of  10  -  20  sec.  oscillations.  The 
amplitude  of  Pt ' s  Is  larger  than  that  of  the  Pc's^  approxi¬ 
mately  .5  7-  These  damped  oscillations  are  usually  observed 
at  the  commencement  of  bay  disturbances,  continuing  until 
the  maximum  phase.  However,  during  the  decline  of  the  bay 
disturbance  no  Pt  pulsations  are  observed. 

Pg  (giant  pulsations)  are  a  series  of  oscillations 
of  large  amplitude  which  are  sometimes  as  large  as  a  few  tens 
of  7's,  giants  compared  with  the  previous  two  types.  The 
period  Is  also  longer,  being  at  least  one  minute  and  very  of¬ 
ten  much  longer.  The  giant  pulsations  are  found  at  high 
latitudes  near  the  auroral  zone  and  their  occurrence  frequen¬ 
cy  Is  small.  They  are  observed  only  a  few  times  a  year. 

Some  refinements  on  the  above  classification  have 
been  made  by  Troltskaya  (1961).  For  example  she  has  suggested 


■':a  vifirfd’ 

:-V^itf3do 


;( 


f ;; 


}j  \  j  B 


.1 


V-*' 


:-:iV 


fi; 


'’I  ( 


■  '-L 


J:?: 


ibb'''v1  Bj  bo.';  "leq 


.  Iloino  si  'qq 

;”'i  OiffOS 

.-qa;  obXii;;! 


13 


that  the  Pc's  be  subdivided  Into  three  groups  with  perdod 
range  5  -  15j  20  -  4o  and  50  -  90  sec.  She  also  Introduced 
such  nomenclatures  as  PP,  SIP  and  IPDP  for  pulsations  of 
pearl  beating  type^  sudden  Irregular  pulsations,  and  Intervals 
of  pulsations  of  diminishing  periods,  respectively. 

Benloff  (i960)  has  classified  his  observations  Into 
types  A,  B,  C  and  D  on  amplitude -time  display  basis.  He  Iden¬ 
tifies  all  these  different  types  of  oscillations  by  their  fre¬ 
quencies.  He  also  has  taken  great  care  to  associate  them 
with  phenomena  such  as  sunspot  number  and  auroral  displays. 
Though  no  great  objection  can  be  raised  against  his  system  of 
nomenclature.  It  Is  nevertheless  misleading  to  try  to  classi¬ 
fy  mlcropulsatlons  by  frequency  together  with  a  source,  since 
at  present  no  great  amount  of  knowledge  has  yet  been  accumu¬ 
lated  In  connection  with  the  generation  of  these  oscillations. 
Furthermore,  theorists  have  predicted  the  latitude  depen¬ 
dence  of  hydromagnetlc  wave  frequency  (Obayashi  and  Jacobs, 
1958).  Observations  have  also  shown  this  dependence  (Jacobs 
and  Slnno,  i960,  Duncan,  I961) .  Furthermore,  It  is  only  too 
possible  that  oscillations  of  the  same  frequency  may  ar j se 
from  different^ types  of  physical  processes. 

A  number  of  detailed  analyses  have  been  made  on 
available  data  to  correlate  cosmic  events  and  mlcropulsatlons. 
Among  these  workers  are  Benloff  (i960),  Campbell  (1960a,  b), 
Hawkins  (1958),  Jenkins,  Phillips  and  Maple  (i960),  Teply  and 
Wenworth  (1962),  Troltskaya  (1961)  and  many  others.  The  cor¬ 
related  events  Include  sunspot  numbers,  pulsating  aurora. 
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meteors  In  the  atmosphere.  X-ray  bursts  from  the  sun,  electron 
bunches  above  the  ionosphere,  cosmic  ray  intensity  in  the  exo¬ 
sphere  and  the  fluctuation  of  the  intensity  of  the  outer  Van 
Allen  belt.  Of  all  these  the  correlation  between  auroral  dis¬ 
play  and  micropulsation  has  been  most  extensive.  However, 
all  the  events  mentioned  above  seem  to  exhibit  some  positive 
correlation  with  micropulsation.  Despite  the  diversity  in 
their  studies,  all  authors  favour  the  view  that  micropulsa¬ 
tions  are  possibly  the  manifestation  of  the  portion  of  energy 
associated  with  hydromagnetlc  waves  in  the  ionosphere  which 
propagate  down  to  the  surface  of  the  earth  through  whatever 
mechanism  there  may  exist. 

Considerable  amount  of  effort  has:  been  made  to  con¬ 
struct  current  systems  in  the  lower  part  of  the  ionosphere 
and  to  determine  the  positions  of  such  currents  experimentally 
(Jacobs  and  Sinno,  I96O;  Campbell  and  Rees,  1961)  with  the 
conviction  that  they  may  partially  be  responsible  for  micro¬ 
pulsations  registered  on  the  surface  of  the  earth.  Some 
workers  have  reported  observations  which  exhibit  close  rela¬ 
tion  with  the  electric  and  magnetic  dipole  fieldi^  (Bomke,  1962)  . 
These  dipoles  are  conceived  as  lateral  oscillations  of  elec¬ 
trons  and  closed-current  systems  in  the  lower  part  of  the 
ionosphere.  Up  to  now,  very  few  works  on  dipole  fields  have 
been  reported  in  con:nection  with  micropulsations,  though  a 
few  workers  (Law  and  Fanan,  196I;  Weaver,  1961)  have  studied 
fields  of  a  line  source  in  this  respect.  This  should  suffice 
to  suggest  a  reason  to  study  the  dipole  fields  with  a  new 
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incentive . 


Magnetotellurlc  Theories 

The  properties  of  the  oscillating  natural  electro¬ 
magnetic  fields  registered  at  the  surface  of  the  earth  should 
theoretically  depend  upon  the  nature  of  the  source  and  the 
electromagnetic  constants  of  the  earth.  A  magnetotellurlc 
theory  is  mainly  concerned  with  the  interrelation  between 
the  horizontal  components  of  these  fields. 

L.  Cagnlard  of  Prance  generalized  his  studies  into 
a  theory  in  1953  (Cagnlard,  1953).  The  essence  of  his  theory 
can  be  summarized  in  the  following  points: 

(a)  Assumptions  -  Cagnlard  has  assumed  the  existence  of  a 
horizontal  telluric  current  sheet  which  Is  harmonic  In  time 
and  uniform  over  a  vast  area.  This  telluric 

current  sheet  is  considered  to  be  Induced  by  uniform  plane 
electromagnetic  waves  impinging  upon  the  surface  of  a  flat 
stratified  earth  at  an  arbitrary  angle  of  incidence.  The 
sources  of  these  waves  have  not  been  taken  Into  account  since 
they  are  considered  to  have  no  bearing  upon  the  results  of 
analysis . 

(b)  Analysis  -  the  analysis  is  very  simple.  If  one  assumes 

the  current  sheet  flowing  in  the  x-directlon  resulting  from 

a  plane  wave  electrically  polarized  in  the  x-dlrectlon,  then 

E  =  E  =0  and  E  =  E  (z) .  The  employment  of  the  electric 
y  z  XX 

Hertz  vector  (Appendix  I)  yields 


E  =  k'^n  , 
X  ex^ 


n  =  n 

ey  ez 
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i .  e 


=  0 


2  X 


X 


by  putting  In 


=  0 


The  solution  for  this  equation  Is  then  given  by 


since  Hy  =  lae^|E^  . 


„  .  Ikz  ,  ^  -ikz 

E  =  Ae  +  Be 


H  =  H  =  0 
X  z 


H  =  -  a.ek(Ae^*"^  - 

y 

where  g  is  the  complex  permitlvlty^  cu  Is  the  angular  frequency 
(see  Appendix  I).  By  matching  the  boundary  conditions  between 
the  medla^  one  can  obtain  the  constants  A  and  B  as  functions 
of  the  electromagnetic  constant  of  the  earth,,  the  thickness 
of  the  layers  and  the  period  of  the  wave.  The  ratio  |  E  /H  |  , 

y 

which  Is  called  the  Intrinsic  Impedence  of  the  earth,  has 
been  computed  by  Cagnlard  for  a  two  layered  earth  and  diffe¬ 
rent  conductivity  contrasts.  This  suggests  a  new  means  for 
geophysical  exploration. 

The  two  fundamental  assumptions  In  Cagnlard 's  theory, 
namely  that  the  waves  are  plane  and  uniform  over  a  vast  area 
and  that  the  source  can  be  entirely  neglected,  have  not  been 
accepted  without  challenge.  Walt  (195^)  had  put  a  limitation 
on  the  application  of  Cagnlard ' s  theory.  He  showed  that  for 
magnetotellurlc  oscillations  of  frequency  .1  cps  on  a  homoge- 

_  O 

neous  ground  of  conductivity  a  =  10  mho/m,  the  variation  of 
E  and  H  within  35  km  must  be  very  small,  otherwise  correction 
of  second  or  higher  orders  of  space  derivatives  of  the  field 
must  be  applied  to  Cagnlard ’s  theory.  He  pointed  out  that 
If  the  sources  of  the  geomagnetic  oscillations  that  are  used 
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in  magnetotellurlc  interpretation  are  situated  at  100  km  high, 
say,  as  a  result  of  flowing  currents  In  the  lower  part  of  the 
ionosphere,  correction  would  be  Important  for  many  frequencies. 

For  the  interpretation  of  the  stratification  of  the 
earth,  Walt  found  It  necessary  to  separate  the  electric  and 
magnetic  fields  Into  frequency-  and  time -dependent  components 
and  then  apply  harmonic  analysis  to  obtain  the  former  from 
a  certain  assumption  of  the  latter  (for  example,  he  worked 
out  the  transient  case  H(t)  =  Hq  for  t  <  0,  and  H(t)  =  Hq  + 

AHq  for  t  >  O).  An  impedance  function  Is  then  obtained  by 
comparing  E(u))  and  H(<^)  .  This  no  doubt  Is  a  very  complicated 
matter.  As  an  alternative  Walt  suggested  that  Instead  of 
comparing  E  (<^)  and  H  (<^)  to  evaluate  the  Intrinsic  impedance 

^  y 

of  the  earth,  one  can  assume  a  certain  magnetic  change  with 
time  and  study  the  resulting  time  variation  of  the  electric 
field  to  obtain  the  conductivities  of  the  earth  and  the 
thickness  of  the  layers.  Although  his  method  has  not  been 
used,  his  modification  for  Cagnlard’s  theory  has  remained 
a  token  of  danger  to  those  who  use  the  theory. 

A.T.  Price  (1962)  has  investigated  the  effect  of 

the  source  dimension  upon  the  intrinsic  impedance  |  E  /H  |. 

X  y 

He  has  found  that  Cagniard's  simple  formula  needs  modifica¬ 
tion  to  take  into  account  the  dimensions  of  the  field  sources 
even  when  the  field  is  global  in  scale  and  the  region  under 
investigation  is  much  smaller.  For  example.  Price  has  con¬ 
sidered  a  case  of  very  simple  geological  configuration,  a 
homogeneous  earth  of  a  constant  conductivity  0  and  has  ob- 
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(v  is  the  separation  constant  in  his  deriva.tion  whose  value 
v\fill  be  discussed  later)  „ 

In  Price’s  notation;,  Walt’s  result  as  a  modification 
to  Cagniard’s  can  be  expressed  as: 
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while  Cagniard’s  intrinsic  Impedance  for  the  same  case  is 
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/  Tj!  ^  cot 

(Note:  e  Instead  of  e  Is  given  here  because  e 

has  replaced  as  in  Cagniard’s  treatment) 

These  show  that  both  Walt’s  and  Cagniard’s  results 
are  special  cases  of  Price’s  by  assigning  small  values  to  v. 
Price  points  out  that  one  can  take  27r/v  as  a  horizontal  mea¬ 
sure  of  the  source  dimension.  Therefore  in  Cagnlard's  case^, 
with  V  -  0,  the  dimension  of  the  source  is  taken  to  be  infi¬ 
nitely  large.  This  corresponds  to  a  plane  wave,  Walt's 

2  2 

result  is  obtained  by  taking  v  /axj  «  1  or  v  «  axy  .  This 


shows  ohat  Wait's  approximation  is  va.lid  for  comparatively 
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large  soiii'ces,  which  howcvci'  a.i-o  Dmall.  compared  with  thoao  con¬ 
sidered  by  Cagnlard.  These  two  cases  show  that  the  concept 
of  v's  being  a  reciprocal  measure  of  the  source  dimension  is 
quite  self-consistent.  However,  the  quantitative  values  of  v 
(or  rather  the  dominating  range  of  values)  must  be  obtained 
from  careful  analysis-  For  example,  one  may  compare  the  in¬ 
trinsic  Impedance  obtained  by  use  of  equation  (l-l)  and  that 
obtained  i‘rom  the  exact  solution  of  a  dipole  or  an  infinite 
line  current  at  finite  height  for  both  small  and  large  radial 
distances.  This  comparision  should  give  an  estimate  of  the 
range  of  values  of  v  for  a.  dipole  source  and  a  line  current 
source.  Price  has  estimated  that  the  values  of  v  of  interest 
in  magnetotelluric  studies  will  generally  be  within  the  range 
of  1.57  X  10"^  -  1.57  X  10"^  cm"^. 

1  Object  of  the  Thesis 


In  view  of  the  historical  review  in  section  1.2  and 
the  brief  account  of  micropulsation  and  magnetotelluric  me¬ 
thod  in  section  1.3}  the  purposes  of  this  thesis  are  described 
in  the  following  three  paragraphs : 

(l)  The  first  object  is  to  derive  mathematical  expres¬ 

sions  for  the  surface  components  of  the  electric  and  magnetic 
fields  for  horizontally  and  vertically  oriented  electric  and 
magnetic  dipoles  elevated  above  a  two-layered  ground.  While 
one  can  find  fragmentary  treatment  of  similar  problems  scat¬ 
tered  throughout  the  literature  of  the  last  30  years,  he  will 


r!0 


find  an  oai'iicst  attempt  to  give  a  rather  self-contained  treat¬ 
ment  of  all  four  problems  In  this  thesis c  The  solutions  In 
this  thesis  are  exact  and  have  not  appeared  in  the  literature. 
From  these  results  many  special  cases  previously  treated  in¬ 
dividually  by  different  authors  can  be  obtained  by  specifying 
certain  parameters.  For  example,  the  case  for  a  dipole  ele¬ 
vated  above  a  homogeneous  ground  can  be  obtained  by  either 

putting  or  letting  the  thickness  of  layer  D ^  oo 

(or  D ^ O) .  Similarly  one  can  obtain  the  cases  for  dipoles 

on  the  surface  by  letting  the  height  of  the  dipoles  approach 
zero.  These  cases  will  be  worked  out  in  the  body  of  the  thesis 
for  checking  purposes. 

(2)  For  the  last  30  years  the  complexity  of  the  Integrals 
in  the  results  have  kept  investigators  from  going  further  than 
treating  special  cases.  However  with  the  high  speed  computers 
available,  the  study  of  the  surface  components  of  the  dipole 
fields  can  be  carried  out  with  great  detail  and  precision. 

A  few  interesting  cases  will  be  carried  out  with  a  high  speed 
computer  in  this  thesis. 

(3)  This  study  is  not  Intended  to  throw  light  on  the 
origin  of  micropulsations.  However,  it  is  hoped  that  it  will 
assist  to  further  the  understanding  of  Cagnlard’s  magneto- 
telluric  theory.  Since  in  this  theory  an  Important  assump¬ 
tion  is  that  incident  waves  are  uniform  plane  waves,  localized 
cylindrical  waves  from  a.  near  dipole  source  should  therefore 
set  a  worst  possible  limit  on  the  theory.  Consequently,  a 
worst  possible  result  can  be  expected  from  the  application  of 
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this  theory.  Indirectly,  this  will  partially  answer  the  ques¬ 
tion  of  the  degree  to  which  the  mlcropulsatlons  observed  at 
the  surface  of  the  earth  can  be  considered  plane  waves. 


II.  SIMPLY  OPIENTED  DIPOLES  AND  TI1EI.H  E.  M. 


FIELDS  ON  Till'.;  SURFACE  Oil, A 


■I/AYERED  EAPiTII 


2.1  Formulation  of  the  Problems  and  Solubions 


In  this  section  the  vertical  and  horizontal  magne¬ 
tic  and  electric  dipoles  elevated  above  a  2-layered  ground 
are  to  be  treated  as  four  separate  cases.  The  earth  will  be 
taken  as  flat  with  horizontal  plane  boundaries.  The  Hertz 
vectors  will  be  derived  for  each  case  and  the  field  vectors 
will  be  expressed  In  terms  of  these  vectors.  As  this  sec¬ 
tion  Is  designed  to  give  a  self-contained  treatment  of  all 
four  problems;,  a  considerable  amount  of  mathematics  will  be 
given;,  though  conciseness  will  remain  the  chief  objective 
throughout.  The  whole  treatm_ent  will  follow  the  method  deve¬ 
loped  by  Sommerfeld  In  his  two  papers  (1909  and  1926);,  and 
summarized  In  his  book  "Partial  differential  equations" 
(Sommerfeld  19^9) • 

M.K.S.  units  will  be  used  and  the  time  dependent 

_  ,  -lot  . 

factor  e  suppressed. 

Ca.se  1.  Vertlca.l  Ma.gnetlc  Dipole 
Since  the  fields  of  a  vertical  dipole  possess  cy¬ 
lindrical  symmetry^  we  shall  use  the  polar  coordinate  system. 
The  geometric  configuration  Is  shown  In  Figure  1. 
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Figure  1.  Coordinate  system  and  the  orientation 


of  the  vertical  dipole 
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The  dipole  is  situated  at  z  =  h,  p  -  0.  The  ground- 
air  interface  is  designated  by  the  plane  z  =  0.  The  first 
layer  has  thickness  d  and  the  substratum  extends  from  z  =  -d 
to  z  =  -  00.  The  three  regions  are  electromagnetically  charac¬ 
terized  by  Pq,  Gqj  Oq,  and  62^  ^2  shown  in 

Figure  1 . 


We  can  imagine  a  vertical  magnetic  dipole  as  an 
oscillating  magnetic  "current"  element  in  the  vertical  direc¬ 
tion.  Therefore  the  magnetic  Hertz  vector  (Appendix  I--2)  as 
well  as  the  vector  potential  A'  have  the  direction  of  the 
current  element  in  free  space  (p.  238,  Sommerfeld,  1949) ^  i.e. 

n  =  k  n  (2-1) 

m  mz  ^  ^ 


n 


mcp 


n  =  0 

mp 


(2-2) 


Consequently  the  vector  equation  (.T-22^  Appendix  1-2)  becomes 
a  scalar  equation  and  by  changing  the  subscript  we  have 

v^n  +  k^n  =  0.  (2-3) 

s  s 


This  is  the  3-dimenslonal  Helmholtz  equation  whose  solution 
is  well  known.  However,  (2-3)  does  not  include  the  source. 

In  order  to  Include  the  source  at  which  the  Hertz  potential 
becomes  infinite  we  must  replace  (2-3)  by 

v^n  +  k^n  =  -  M  (2-4) 

p  p 

where  M  is  the  magnetic  moment  density  (Stratton  1941,  p.  30) . 

If  we  further  assume  the  dipole  moment  as  concen¬ 
trated  at  one  point  (0,0, h)  at  which  the  magnetic  moment  den- 


h'ity  1.S  Inrinlte  then  we  can  I'ewrite  (2-4)  as 


V^ll  +  k^n  =  -  M^6(R) 

p  p  0  ^ 


(2-5) 


where  Mq  Is  the  total  magnetic  moment  of  the  dipole  and 
2  2  2 

R  =  p  -h  (z  -  h)  .  6(R)  Is  the  3-dlmenslonal  delta  function 

having  the  property 


6(R)  =  0  ,  R  4  0 


I  6(R)dv  =  1  over  all  space, 

dv 


The  solution  for  (2-5) 
the  Helmholtz  equation 
(Morse  and  Peshbach^  p 


Is  the  well  known  Green’s  function  for 
with  the  necessary  boundary  conditions 
8o4)  and  Is  of  the  form: 

Mge+i™ 

47]'R 


The  exponential  being  chosen  positive  to  yield 
out-going  waves  when  coupled  with  Since  the  magnetic 

moment  Is  entirely  arbitrary  for  our  later  development^  It 
Is  chosen  as  47r  a^nd 


n 


P 


IkR 

e____ 

R'— 


(2-6) 


Equation  (2-6)  describes  the  prlm.ary  spherical  radiation 
fields  of  a  magnetic  dipole  of  strength  47r  amp-meter  . 

Due  to  the  linearity  of  (2-5) ^  one  can  superimpose 
the  solution  of  the  homogeneous  equation  (2-3)  upon  (2-6) 
to  obtain  a  complete  solution  IT,  or 

n  =  n  -h  n  (2-7) 

p  S  VI/ 

can  be  Interpreted  physically  as  a  secondary  potential 
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v\rhlch  ai'les  from  tho  presence  of  the  eai'th,  and  the  secondary 

waves  dei’lved  from  it  are  the  diffracted  waves,  n  Is  so 

s 

chosen  that  It  will  satisfy  all  the  boundary  conditions  be¬ 
tween  the  media  and  Is  finite  everywhere^  Including  the 
source  region. 

From  the  theory  of  cylindrical  harmonics one  can 
write  down  the  solution  of  (2-3): 

"s  =  R(>')iln  nq.  exp(±(x2  - 
n  =  0,  1,  2  .  .  . 

A  being  the  separation  constant  and  R(A)  an  arbitrary 
function  of  A. 

The  choice  of  solution  depends  on  the  nature  of  the  problem. 

Since  our  problem  requires  II  to  be  angularly  Independent  and 

s 

zero  at  p  =  ooj  we  choose 

=  R(X)exp{t(x2  -  k®)  VSg)  j^(,,p)  (2-9) 


The  sign  of  the  exponential  will  be  chosen  to  ensure 
as  2 - ^  *  00  , 


“s - 


In  order  to  have  a  general  expression  for  we 

must  Integrate  (2-9)  over  all  values  of  A^  l.e. 


n 


s 


P  +f.2  ,  2x1/2 

R(A) jQ(Ap)e"^^  ^  dA 

0 


(2-10) 


By  use  of  Sommerfeld's  Integral  (Sommerfeld^  19^9,  P-  9hl) ,  we 

change  n  Into ' an ' Infinite  Integral^ 

P 

00 

"p  =  e^™/R  =  jQ(Xp)e'Pl^"'^ldX 
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(2-11) 
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o  2 

whore  p^'  =  (A 


n  =  n  +  n  = 

p  s 


o 

-  .  Combining 

00 

'  a  t  / .  \  -p  I  z-h 

p 

0 


(2-10)  and  (2-11) 

00 

dA  +  J  R^( A) Jq( Ap)eP^  dA 
0 


+  I  R2(A)jQ(Ap)e  dA 
0 


(2-12) 


For  each  region  Ij  II,  III  and  IV  in  Fig.  1,  we  can  write 

down  the  Hertz  potential,  replacing  R  by  F,  and  p  by 

Pi  -  -  k?)V2^  =  (o^i-iGj^),  G- being  the  complex  permltivlty. 


"t  =  O  e 
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-I-  FQ(A)e 


-Po(z+h) 
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00 

j  (FiO')e 
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p  z-p  h  -p  z-p  h 

^  ^  +  F^(A)e  ^  °  )jQ(Ap)dA 


0 


F3(A)e 


+P„Z  +  (P^-Pn )d  -  P^h 


jQ(Ap)dA 


(2-13) 

(2-14) 

(2-15) 

(2-16) 


The  exponents  are  chosen  for  convenience.  The  F's  are  to  be 
determined  by  the  boundary  conditions. 

By  (l-23)  and  (1-24)  and  the  fact  that  n  has  only 
an  angularly  independent  z- component,  we  have  an  H  and  the 
following  two  horizontal  components; 


H 

P 


dpdz 


n. 


IcdP 


a 


n 


(2-17,  2-l8) 


H  and  E  are  required  to  be  continuous  across  the  boundaries. 

p  tp  ^ 


28 


At  z  =  0,  the  following  must  hold: 

^2  ^2  ^ 

^II  ""  ^III  "  ^0  ^II 


"hi 


8 


8 


^II  ”  ^III  "  -  ^l^III 


(2-19.  2-20) 


since  all  values  of  p  are  common  to  both  vectors  along  the 
boundary.  Applying  (2-19.  2-20)  to  (2-l4^  2-15)  and  equating 
the  resultant  integrands  we  have: 
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Fn(^)  +  —  -  —  Fo(^)  =  - 

^  Pq  1  Pq  2^  ^  Pq 
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1 


A 
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and 


Po(u  -^Pi(v 


(2-21) 


(2-22) 


At  z  =  -  d^  similarly  we  apply 

n 

to  (2-15.  2-l6)  and  obtain 


8  JT  -  ^ 

^  III  ~  ^  IV 


^TIT-  j  ^l^III  ~  ^2^IV 


(2-23.  2-24) 
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pl(A) 

-  P2{>')e  ^ 

j  =  P3(V 

(2-25) 

Pl(^) 

2p,d  1 

+  P2(>')e 

r  =  P3(U 

(2-26) 

Subtracting  (2-22)  from  (2-2l)  and  (2-26)  from  (2-25).  we  have 
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^2(^)  =  f 

(2-27) 
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(2-28) 

Let  A  =  ^I/Pq^  B  =  ^1/P2.  C  =  ^1/pq.  D  =  ^1/^2  and  solve  for 
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P, (A)  and  Pp(A)  from  (2-26)  and  (2-27): 
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2p.d 
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2VPo^  -(A-c) 
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2p  d 
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+  (A-C)(B-D) 

(2-29) 
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(2-30) 
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(A+C),  2A/pg 
(B-D),  0 


1  2A 
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X  (B-D) 


(2-31) 


Substituting  (2-29^  2-30,  2-3l)  in  (2-2l) 
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(2-32) 


(2-32)  is  exact  for  a  2-layered  earth. 

If  we  put  Sq  =  0,  |j,Q  =  =  |i,2  then  p^  =  A 


Po(^)  = 


(p^+A) (p^-P2)e 
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(2-33) 
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Equation  (2-33)  was  used  by  Walt  (1958), 

The  exact  solution  for  a  homogeneous  ground  can  be  obtained 
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by  letting  d - d - >0  or 


A  rPpM-i  Pi^o\ 
^0  [^0^1  '''  ^1^0  3 


Using  the  approximation  quoted  above,  one  has 


(2-34) 


(2-35) 


To  obtain  the  electric  and  magnetic  field  equations  in  region 
II,  use  ("‘-23,  1-24)  and  (2-l4).  Solutions  for  practical  pur¬ 
poses  can  be  obtained  by  approximating  (2-32).  All  compo¬ 
nents  of  the  electromagnetic  fields  for  all  cases  will  be 
given  in  section  2.2. 

Case  2.  Horizontal  Magnetic  Dipole 

For  a  horizontal  dipole  it  is  convenient  to  use  the 
Cartesian  coordinates  with  the  dipole  aligned  in  the  x- 
direction,  as  shown  in  Figure  2.  Since  the  order  of  symmetry 
is  lower  here  than  in  the  previous  case,  a  Hertz  vector  with 
a  single  component  in  the  direction  of  the  dipole  is  no  longer 
adequate  to  satisfy  all  boundary  conditions. 

The  addition  of  a  z-component  is  necessary  for  this  purpose 
(Sommerfeld,  1949^  P*  258). 

We  write 

H  =  i  H  +  k  n  , 

X  z 


or 


n 

y 


0 
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z  = 


z  = 


z  = 


Figure  2.  Coordinate  system  and  the  orientation 
of  the  horizontal  dipole 


( 


{ 

•i 
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'  "y  =  If  "  (2-36.  2-37) 

®x  “  |f  "z  ’  ’^y  =  ^l-‘“  (!■  X  ■  ^1  "z^  (2-38,  2-39) 

By  use  of  (2-36,  2-37^  2-38,  2-39)  we  can  transform  the  ordi¬ 
nary  boundary  conditions  for  tangential  E  and  H  into  the  fol¬ 
lowing  : 


^j+l^zj-1-1 

(P-'i-O) 

^  ^Xj  ~  ^J+1  Sz"  \j  +  l 

(2-4l) 

=  ^'Vi 

(2-42) 

^j^XJ  ^j-t-l^xj  +  1 

(2-43) 

j  and  j+1  designating  adjacent  regions. 
Determination  of  II. 


X 


As  in  the  case  of  a  vertical  dipole  we  can  write  n 


X 


as  follows : 
00 


n 


Ix 


0 


9,  -p^(z-h)  -P^(z-Fh) 

(—  e  -H  GQ(A)e  )jQ(Ap)dA 


00 

r 


n. 


llx 


e  0 
Pn 


P^(z-h) 


+  GQ(A)e 


-Po(z+h) 


)jQ(Ap)dA 


(2-44) 


(2-45) 


0 


n 


IIIx 


p  z-p  h  -p  z-p  h 

(G^(A)e  +  Gp(A)e  )jp(Ap)dA  (2-46) 


0 


n 


IVx 


(G2(A)e 


P2Z-l-(p2-p^)d-p^h 


Jo(Ap)dA 


(2-47) 


0 


i 

] 

! 

i 

i 
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In  order  to  solve  for  the  G-functlons we  apply  boundary  con¬ 
ditions  (2-41:,  2-43)  to  the  H  ’s. 

At  z  =  0,  apply  (2-4l)  to  (2-45^  2-46)  and  equate 
the  Integrands.  The  result  is 


Go(^)  =  ^  - 


A  ^^1^1 


The  result  of  (2-43)  at  z  =  0  is 


G. (a)  -  G^(A) 


(2-48) 


Go(^)  ^  \Gr-,(A)  +  G^(A) 


10  I  ^1 


(2-49) 


where  n?  .  =  k^/k^  . 

1  j  1'^  J 

Applying  the  same  boundary  conditions  at  z  =  -d^  one  has 


q. p.  r  2p  d  ) 

-  G2(A)e  J  =  G3(A) 

2 


^12  j  (A )  +  G^ ( A )e 


2p^d 


G3(A) 


(2-50) 


(2-51) 


Subtract  (2-49)  from  (2-48)  and  (2-51)  from  (2-50) 


M-")  P"!  p  \ 

+  "lO  1  (^)  - 


\  ^^0^0 


^1^1  2  \  X  2A 

-  -  n.,  ^  Go(A)  =  — 

^oPo  10  j  2  Pq 


(2-52) 


^1^1 

^2^2 


-  n?.  'l  G3  (A)  -  I 


12  ^1 


P  \  2p  d 

UgPg  +  "12)  °2(")"  =0  (2-53) 


2  ,.2/,_2 

Since  n^.  =  k./k.  =  — - 


ij 


1  J 


CD  U  .  €  . 

J  J 


^1^1 

d,  €  . 

J  J 


,  e  being  the 


complex  permittivity,  equivalent  to  e  in  Appendix  I  with  the 
bar  removed,  (2-52,  2-53)  can  be  rewritten  as  follows: 


I 


ji\' 


) 


r 


.  '  ) 


] 

i 

\  I 

I 


] 


j 


( 


f  ii  liJfJ 


.•_.r  i,''E 


[1.; 


\  ,  ...  ; 

!-  -/I’.E  '  ■/  i  0'..)  S  L '  J !T(c‘,-,E) 
-i)  ,l,>3V0f!i9-I  'iJiCl 
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f  P- 


G,  (A)  - 


\Po 


-0 


P- 

F 


^  ajx)  =|AA) 


0  '"O 


Po'^^l 


(2-54) 


P 

P. 


1 


Pn  e-i  \  2p  d 


(2-55) 


By  comparing  (2-2l)  and  (2-48) (2-27)  and  (2-54)^  and  (2-28) 
and  (2-55)  one  can  Immediately  write  down  the  expressions  for 
(^) .  G2(A) ,  and  Gq(A) . 

Pn .  P" 


P  fW  1  2A.^^0w^1  , 

Gn  (^)  =  -  -  “(tt-)  (it-  +  7“)® 


^  Pq  Pr 


(2-56) 


0  1^)  =  1  .  li) 

2'  '  A  Pq  Vt^  Pq  Sq 


(2-57) 


where 


p  6  p  e  p  €.  p.  e.  2p  d 

A  =  (_i  .  _1 )  (_i  _  _i)  .  (_i  +  r.)  (_1  +  _l)e  1 

Pq  SQ^Pg  eg'  'pq  eQ^Pg  eg' 


and 

SO)  =  5^ - 


■2p  d 


(Pj^Cq  Pq^]^  (p^^ p't P 2 ^  1  ^ 


( p e qS Pq^2_)  (Pq^o 2^ P202^)  (p^Oq  PqS^^)  (Pj^02~P202^)o 


-2p^d 


(2-58) 

Equation  (2-58)  is  exact  and  approximations  can  be  obtained 
by  putting  in  special  values  for  and  . 

For  a  homogeneous  earth,  we  can  let  d — >  0,  d - >o 

or  =  ^2^  ^1  “  ^2  have 


P  fA'I  =  A  plPp  Pl^O 

0  Pq  I  ^1^0 


(2-59) 


If  we  substitute  (2-59)  into  (2-44)  with  h  =  0,  we  have 


^'C 


\o^  O^f 


15 


/  O  r  >  \ 

{  Ij }.  j.j(ih 


.{<\ 


,...  „/;.^  ii\ 


0  "  s{'')qD  1  ^  \  *X''*^i,a  w.! 

'  \S®  3*5  1  .*  \#S.  W'#4  *,'■■' 

/  .  ,  .  ' '  f'  v;i,"' 

:)  liHis  (YS-S)  ,(B4^^S)  to 


■An 


t\4 


'Tol  ar  V ;  ?3a3'i:qx.9  erlJ  rmofo  \ 


''r 


"‘7T' 


,(X)q£)  b0»^ 

(^)sO 

ddii>.,. 

i  ^ 

■  "-i-  '  '  ■  •■’  '"Sfl 

'  '  \ 

( ^5  “■  !-■ ; 

t).,..qY 

(I, , 

r  v4  nVi 

1-  —  ~ 

cO' 

|AS, 

0'^ 

A  "  ■“ 

■1  ■  '  ■'' 

/„..•  '.  . ..  ■■','■  \k 

,;  ■  ■■':  '1  ;■■■  •.'"  :  u  q 

‘  "  jV 

V .  .'i'  .'• :  .o.:;y'''’YY  .j,," 

'  j 

V  ^ 

II  I)] 

'y’-AJ 

.'•■,.|V  "’  'ftV 'll.  ^  J 

'  J  I 

(T5~^) 

(-^ 

b'^ 

,/(2 

1  ^  ^ 
L 

(^)sO 

uY 

,;;'Yi1<,  ■■-  ■■;.  ..Y'.yY"’ 

i* 

I 

I 

i 

1 

>  >  i 

i 

' (J 

^  /r,  1  .Y._.  . 

'  q  ^ ' 

.Y)  (i;: 

2  'i  '  p-^* 

i 

,..  1: 

O' 

S  .  (i! 

'  < 

r  Q  3 

C  '  \  /  X 

^-^.c  V  -'.l  .i|ii.VMI*ilfi**'.-’ 

ss<  A 

I  q  ’,  ' 

'  •A'”  i 
,i 

Oq,  ''J 

■:•' 

WiffB: 

l’  '1 

1  </  kH 

‘d  Y^b  j-Y, ,)  (  f  "If"'! 

9( 

w> 

*"'ir<, 'J 

{.i^lfJbt 

’  -  ;'!1 
•'  >-d 

\'  'Y'l'yl 

^  {  £■■■■’  )  (  ;  f-,Q 


t  P  a  'f"'  A 
\6C“a j 


bsol^jfdo  .  9d  nso  anj  l-jj5ff!J:xo‘iqq[jB  '  Si:  m-s)  ■ 


I  I 


i.  1 ,  '  ' , 

.  ,M  ’t0l,  s^aiTjC^^  4^1# 


oo:^_  £3  n£0  0W  t 


'  ,v,  ■ 

n  vtr 


h 

(.VI  ik/‘  ''  J 


Sicart  »w  ,(J  li  t!  'oWJW 


35 


00 

r 


0 


€lPo 


-PqZ 


jQ(Ap)dA 


This  Is  Somme rf eld ' s  x-component  of  the  Hertz  vector  for  a 
horizontal  dipole  on  the  surface  of  a  homogeneous  earth. 

The  other  G-functions  can  be  obtained  easil;^  from 
(2-54j  2-55) •  Since  we  are  only  interested  in  the  Region  11^ 
the  calculation  of  these  G’s  are  dispensed  with. 


Determination  of  II 

z 


Since  is  an  induced  effect  it  has  to  satisfy  only 

the  homogeneous  Helmholtz  equation  (2-3)  while  H  has  to  sa- 

tisfy  (2-4)  which  includes  the  direct  influence  of  the  source. 

Therefore  n  must  take  the  form 
z 

00 

(2-60) 


as  follows  from  (2-8).  The  choice  of  11  depends  upon  the 

boundary  conditions.  Since  n  is  required  to  be  finite  as 

z 

p, — ^  oo_,  Y^(Ap)  must  be  discarded.  Simple  geometry  requires 

n  =  0atcp=-^  to  give  H  =  H  1  in  the  plane  x  =  0.  We 
shall  choose 


n 

z 


cos  cp 


f  2  T  2vl/2 

R(A)e-(^  k  )  z  j^(Ap)dA 


(2-61) 


which  will  later  be  shown  to  meet  all  boundary  conditions. 
For  each  region  the  z-components  of  the  Hertz  vector  are: 


00 


*iol  ^loctosv  cJn^noqmoo-x  c*. 'bl9lT9mmo8  al  aldT 

.r{d“^i39  Biioaftsaomod  &  'to  ao^il'ins  ©rf;t  no  ©loqib  iBctnos ^Tiorf 
flio^il  tIiSBO  beni±>qofo  sd  rmo  anoIdonjjl-D  Tieiido  qriT 
,  II  noigoH  srld  nl  bedaoielni;  Yinp  o'^ib  e’w^eonlS  .(5^-S  t4^-S} 
.ddlw  bsaneqaXb  a’O  ©aoilv'  lo  noIdBluolBO  erid 


lo  noXdJBdinns.qasCI 

i; 


Ylrio  Y;la-td>B3  od  3Bri  dt  boo.nofil  rra  si  ^11  oonlS 

-£3  od  a,6rl  n  slJufiw  (£“S)  'noidBBOS  sdlortaiieH  sxjoenasomod  srid 

X. 

.©o'ljjos  ©rid  lo  ©onsjjllnl  doe'iclb  odd  aebulonl  rioXriw  (-li-S)  x'^aJtd 

,  nriol  ©fil  dajJiti  Jl  ©‘lolsqs.ffT 

*''•^1''?^  '  00  .  . 

r  /■'  ^ .Xc  1  soo  )  jr  ,  ' 

Ab  Hq'^jrjy  .j  iC’v^iYV- ' ^ 1  alsl 

'^(Ocl-S)  .  1 


odd  noqu  obn^qlob  to  ooiodo  odT  ,(8-5^)  moTtl  awllol  ea 

■  ■  "  S’  s  '  ' 

'  ■  V  ■'■  ■  ■■  '  ■  I  Isf'  ■  ®  -■■  ■  '■  1;'^-;  , 

a.B  odlrtll  .©6wI8  ^snoldibnoo 

as'-x  iup©;!  Y'X.demo©®  slqmlS  ^bofo'-iisoa  Ib  sd  dsijm  4«>  ♦—*•  q 

'  '  ■  "  ,. .. '■  •  ■  ;  ,» , 

©W  .0  =--^  X  ©n.slq  srfd  nl  1  .H  =  H  ©vlg  od  jp  dB  0  * 

X  ,  ^  « 


(xa-^) 


>^b(qA-)^L  ^  ’ 


S  ,-  \  -t* 


('<)a 


la: 


cr 


©eoorib  IlBfla 

.  '1  '  ’  .r’'7  ■< 

'{p  aO;D,==  ’■ 


.  eaoldlbnoQ  Y'^.Bbnb'od  IXb  dssm  od.  nv/oda  ©d.  ^iodsl  IXiw  rlolrlw 


:  9'iB  lodoev  sd'idH  edd  lo  sda©aoqfnl>6-s  add  nolgo''! '  dojse  io'5 


36 


n  =  n  =  coscp 
Iz  IIz 


SQ(?')j^(Xp)e 


-Po(z+h) 


dA 


(2-62) 


"lllz  = 


PlZ-pQh  -p^z-p^h 


J  (Ap)  S.  (A)e  ^  +  Sp(A)e 


t) 


dA  (2 


"iVz  = 


PpZ+(pp-p  )d-p^h 

S3(A)j^(Ap)e  ^  ^  ^  ^  dA 


(2-64) 


0 


where  S^(A)  are  to  be  determined  by  the  necessary  boundary 
conditions  (2-40^  2-42) . 

Applying  (2-40)  to  {2-62,  2-63,  2-64)  at  z  =  0  and 
z  =  -d,  we  have 


So(7) 

-  ^  < 
^0 

1  Si(A) 

+  ^2^  ] 

(2-65) 

33(7) 

=  4i! 

M-q 

,  Si(A) 

2p  d  ] 

+  Sp ( A) e  j 

( 2-66) 

Boundary  condition  (2-42)  can  be  rewritten  as: 

4-  n  .  -  4-  n  =  4-  n  -  4-  n  .  . 

dx  xj  dx  xj+1  dz  zj+1  dz  zj 

At  z  =  0^  using  and  (2-45^  2-46)  and  (2-62^  2-63) ^ 

we  have 


jQ(Ap)dA 


t) 


p^(Sj^(A)  -  S^W)  +  PoSq(X)  1  JT(Ap)e  ^  dA 


1 


-63) 


coscp 


(2-67) 


(sa-s) 


A6 


0^ 

C" 


MOO  » 


.  i  £t.>q-s;.c5-  ■  d^4~s.q'''  ^ 

^”S)  AJd  I  5(A)g,S  +  9'(^'^)  |-S  i  (qA)|.T>: 


d 


^lioo  - 


■(•i^^”S.) 


Ah 


ci^q  -  &  ( j,  q**  ^q  f  “J-s^q 


©(q^)  r'^(A),^a  9300  « 


0 
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A 


9(qA)^L,  f  (;4);Q8^q  4-  (:4A)^a  -  (a5j-8} j.q  i  j  (peoo 

h  Yk#  ■  .-  ■; 


37 


a 


Since  Jq(Ap)  =  coscp  •  (  -  A)  (  Ap )  ^  (2-67)  becomes 


-"0 


(-A) 


^  +G,(A)-G,  (A.)-G.^(A) 
0 


p  '-jv''/  '^2 


-P^h 

J^(Ap)e  dA  =  0 


P^(S^(A)-S2(A))+PqSq(A)| 


(2-68) 


A(G^(A)+G2(A)-  -Gq(A))  =  P3_(S^(A)-S2(A))+PqS^(A)  (2-69) 

At  z  =  -d^  using  Hjjj  and  (2-^5^  2-46,  2-58^,  2-59)  ^  we  have 


00 

r  ( 

2p-,d 

G^(A)+G2(A)e  -G3(A) 

(  -A) 

- 

■^0  ^ 

P2S2(A)-p^(S^(A) 


2p-,  d 

-S2(A)e  ) 


-p-jd-p  h 

e  J-,  ( Ap)dA  =  0 


(2-70) 


or 


r  2p.d)  '^p  a 

X  \  G2(A)-G^{A)-G2(A)e  ]  =  PgS2(  X) -p^S^  ( X)+p^S2(  X)  e  [2-71] 


2p.  d 


To  solve  for  S^(A)^  ^^(A)  and  S2(A),  we  rewrite  (2-65:,  2-69^ 
2-66^  2-71)  as  follows: 


So(4)  =  \  S, (A)  +  S^(A) 


Pq  I  1 


(2-72) 


P- 


So(>^)  =  TT^  \S^(A)-S,  (A)  }  + 


A 


Pq  I  2'  '  I'M  p^  1  1'  ■  'If'-'  p 


0 


G, (A)+G2(A)  -  -Oo(A)  (2-73) 
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83(7) 
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2p^d 


(2-74) 
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S^(X)-S2(X)e 


A 

P. 


|^G3(A)-G^(A)-G2(A)e 


2p-,d] 

^  (2-75) 
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Subtracting  (2-73,  2-7b)  from  (2-72,  2-74)  we  have 
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(2-76) 


/  Pj 


p 


1 


Pi  \  2pid 
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where 

W(A)  =  Gi(A)  +  G^(A)  -  Gp|(A) 
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0 


-  (hqi  -  1)(Gq(A)  +  ^) 
where  Gq(A)  Is  given  by  (2-58). 
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(2-78) 
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Substitute  (2-56,  2-57)  for  G-,(A)  and  Go(A) 
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Solving  for  S-,  (A)  and  Sq(A)  from  (2-j6^  2-77)^  let 
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Prom  (2-72,  2-81,  2-82)  we  have 
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v\rhere  W(A)  and  U(A)  are  given  by  (2-78,  2-79). 

Since  (2-83)  is  an  extremely  complicated  expression, 
it  is  desirable  to  check  it  with  some  special  cases  at  this 
point . 

1.  Homogeneous  earth,  =  ^2^  ^1  ~  ^2  '  ^1  “  ^2 
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If  we  put  h  =  0,  the  horizonta.l  dipole  being  situated  on  the 
surface  of  a  homogeneous  earth,  (2-84)  becomes  the  same  as 
that  quoted  by  Walt  (1953)* 


2.  A  second  case  we  can  check  with  Is  when  |_Lq  =  =  qg. 
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With  Gq  =  0  we  can  write 
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Equation  (2-86)  was  quoted  by  Wait  (1958) 


Case  3»  Vertical  Electric  Dipole 


The  geometrical  configuration  for  this  case  is  exactly 
the  same  as  for  Case  1  in  Figure  1  (p.  23)  with  the  magnetic 
dipole  replaced  by  an  electric  dipole.  Electric  Hertz  vectors 
given  in  Appendix  I  are  used  and  the  corresponding  equations 
for  the  electric  Hertz  vectors  which  have  only  z-components 


are  as  follows 
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It  must  be  noted  here  that  for  convenience  the  elec¬ 
tric  dipole  moment  ^  has  been  taken  to  be  47r£„  coulomb-meter. 
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Since  =  -ioe  ,  Ep  =  ,  by  arguments  para¬ 

llel  to  those  in  Case  1,  we  can  Impose  the  following  condition 

_ >  ^ 

on  the  Hertz  vector  Instead  of  E  and  H. 
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(2-91.  2-92) 


j  and  j+1  denoting  adjacent  regions. 

It  is  obvious  there  is  a  one  to  one  correspondence 
between  the  equations  (2-87  to  2-92)  and  the  equations  (2-13 
to  2-20).  The  former  is  in  fact  obtained  by  replacing  the 
function  P(A)  by  P(A)  in  equations  (2-13  to  2-l6)  and  p,  by 
G  in  (2-19.  2-20).  Consequently  we  can  write  down  the  solu¬ 
tion  for  Pp  by  replacing  p  by  g  in  (2-32): 
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earth  can  be  obtained  by  sotting  d — ^oo, 
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0  Pq  PqG^  +  P-]_Gq 

This  was  given  by  Sommerfeld  with  Pq  ■-  \i^  {19^9,  p.  2>\-8) 

Case  4.  Horizontal  Electric  Dipole 

As  in  the  case  of  vertical  electric  dipole  treated 
in  the  last  sub-section,  the  equations  for  the  electric  Hertz 
vectors,  boundary  conditions  and  solutions  of  the  equations 

of  a  horizontal  electric  dipole  can  be  obtained  from  Case  2, 
provided  the  orientation  of  the  dipole  and  the  geometric  con¬ 
figuration  of  the  earth  are  represented  by  Figure  2  (p.  31 )» 

We  replace  the  magnetic  Hertz  vector  in  Case  2  by  electric 
Hertz  vectors  given  in  Appendix  I,  and  replace  q  by  e  in  equa¬ 
tions  (2-40  to  2-43)  to  obtain  boundary  conditions  for  2 
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j  and  j+1  denoting  adjacent  regions. 

The  x-components  of  in  each  region  are  obtained 
from  equations  (2-44  to  2-47) ^  arbitrary  functions  G.(A)  being 

J 

replaced  by  C,  (A): 
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After  applying  boundary  conditions  (2-95^  2-97)  and  equating 
the  integrands  of  (2-98  to  2-101 )j  we  reduce  the  resultant 
equations  into  the  following  two  equations  s 
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We  ca.n  write  down  the  expressions  for  q(X)  and  ^(X)  imme¬ 
diately  from  (2-56,  2-57) 
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The  z-component  of  the  electric  Hertz  vector  can 
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be  obtained  from  (2-62  to  2-64),  S.  being  replaced  by  t]  . . 
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By  analogy  with  the  development  in  Case  2,  the  so¬ 
lutions  for  the  first  3  ri-functions  are: 
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All  these  expressions  are  exact.  We  now  check  the  special 
case  with  the  horizontal  electric  dipole  on  the  surface  of  a 
2-layered  earthy  i.e.  h  =  0,  as  treated  by  A.  Wolf  (1946). 
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For  h  =  0^  we  use  (2-98)  Instead  of  (2-99) 
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This  is  in  agreement  with  Wolf’s  result. 

With  these  approximations  and  putting  h  =  0,  (2-108) 
becomes  00 
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This  is  exactly  the  negative  of  Wolf’s  equation  (96) 
with  appropriate  sign  for  z  in  the  exponential.  The  sign  re¬ 
verses  because  he  used  z-downward  as  positive. 


Summary  of  Results 


To  conclude  this  section,  it  is  desirable  to  summa- 


rlze  tlio  results  for  each  of  tliose  four  cases  that  have  just 
been  treated.  However,  since  we  are  only  Interested  in  the 
fields  on  the  surface  of  the  earth,  only  the  components  of 
the  Hertz  vectors  in  region  I  and  II  are  given.  Those  in 
the  regions  inside  the  earth  ca.n  be  obtained  either  by  refer¬ 
ring  back  to  the  section  directly  or  by  simple  substitution. 
Magnetic  Hertz  vector  is  used  for  the  magnetic  dipoles  a.nd 
electric  Hertz  vector  for  electric  dipoles.  All  the  results 
summarized  here  are  exact  and  have  not  appeared  in  the  litera¬ 
ture  . 


Case  1.  Vertical  Magnetic  Dipole 
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Case  2.  Horizontal  Magnetic  Dipole 
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2 . 2  Explicit  Field.  Components 


In  the  last  section  the  Hertz  vectors  in  each  case 
have  been  formulated  and  their  solutions  have  been  obtained 
In  their  exact  form.  It  is  now  necessary  to  derive  the  elec¬ 
tric  and  magnetic  field  components  from  them.  The  complicated 
expressions  will  be  simplified  without  distorting  the  fields 
for  practical  purposes. 

The  permeability  of  the  air  and  both  layers  of  the 
earth  are  considered  equal  to  the  free  space  value.  The 

whole  space  is  thereby  treated  as  magnetically  uniform.  The 
conductivity  of  the  air  Oq  is  taken  to  be  zero  and  its  perml- 
tlvity  Gq  is  assigned  the  value  of  free  space.  appears 
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Pq  =  A(1  -  i  — )  .  (2-119) 
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A  being  the  variable  of  Integration  whose  value  ranges  from 

0  to  00.  Therefore  we  can  set  =  A  in  the  integrand  under 

one  condition,  i.e.  when  the  contribution  of  the  part  of 

integration  at  A  x  ^  *^0^0  is  negligible  to  the  entire  inte- 
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gral .  This  will  be  further  discussed  in  the  next  chapter. 

It  is  also  obvious  that  we  should  use 
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wherever  it  occurs.  This  will  be  set  equal  to  zero  only  when 
it  is  compared  with  some  large  quantity,  otherwise  it  will  be 
retained. 


Each  case  will  be  treated  separately  again  so  that 
the  Hertz  vectors  will  be  found  by  reference  to  the  last 
chapter . 

Case  1.  Vertical  Magnetic  Dipole 

(l-23)  and  (I.-24)  give  the  electromagnetic  fields 
in  terms  of  the  magnetic  Hertz  vector.  In  this  case 
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where  H  is  given  by  (2-l4)  and  (2-32)  which  is  further  reduced 
to  (2-33)  after  approximations  have  been  applied.  We  have 
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Case  2.  Horizontal  Magnetic  Dipole 


For  this  case^  the  following  are  the  E  and  H  compo- 
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Case  3>  Vertical  Electric  Dipole 


For  this  case  the  electric  Hertz  vector  Is  given 
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Case  4.  Horizontal  Electric  Dipole 


For  this  case,  the  electric  Hertz  vector  has  x  and 
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'no(^)  ^  (l  +  Cq(A))  subject  to  €q  being  small  ( cf .  2- 

117j  2-ll8) .  Now  we  can  immediately  write  down  the  field 
components  at  z  =  0 . 
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Applying  the  approximations 
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=  ^ 

0  p3 
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Summary 


The  field  components  on  the  surface  of  the  earth 
derived  In  this  section  are  summarized  here.  Though  the 
solutions  of  the  Hertz  vectors  given  in  section  2.1  are 
exacts  the  field  components  derived  from  them  are  based  on 
the  following  approximations:  Qq  =  0,  Hq  =  =  1^2^ 

j  €„  «  —  .  Therefore  both  e.  and  €„  are  nc'glected. 

1  CD  2  (D  12  ° 

Gq  is  retained  only  when  It  is  not  compared  with  any  other 
larger  quantities^  otherwise  It  is  neglected.  However^  for 
high  frequencies  the  approximations  may  not  be  valid.  For 
example,  for  the  vertical  electric  dipole  is  given  by 
(2-133)  or 


E  =  2N(2.0)  +  k®  N(0,0).  (See  below  for 

z  u 

definition  of  N(ii,,v)j 

_  O  _  1 

N(2,0)  is  of  the  order  (h)"-^  and  N(0,0)  of  the  order  of  h  , 


kQ  N(0,0) 

”"NT2TVr 


X 


4  X  10' 


i6 


T 


2 


In  this 


study  h  10 


5 


m . 


4h^  X  10~^^  ^  4  X  10  ^ 

ip2  rp2 

If  T  ^  10~^  sec,  or  f  =  1000  c/sec,  the  second  term  is  not 
negligible  compared  with  the  first.  The  following  field  com¬ 
ponents  are  valid  for  the  work  in  this  thesis.  For  appli¬ 
cations  with  different  h  and  different  range  of  frequencies. 


the  original  text  in  the  previous  pages  must  be  consulted. 
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The  dipole  moment  of  the  magnetic  dipole  Is  47r  amp- 

2 

m  ,  and  that  of  the  electric  dipole  is  47r€Q  coulomb-m.  The 
following  list  of  symbols  are  used  In  the  summary: 


N(d.v) 


x'^J^(Xp)e  dA 
O 


00 

T(ix,v)  =  [  X(A)J^{Ap)e-^‘^ 


dA 


0 


t(2,1)  = 


A^f (A) J  (Ap)e"^^  dA 


0 


x:a) 


p.  =  -1,  0,  1,  2 

V  ^  0,  1 

h  =  height  of  dipole 
p  =  radial  distance  from  the  origin 
Jy(^P)  =  Bessel  function  of  1st  klnd^ 
-2p^d 

(p^+A) (p^-p^)©  -  (p^-A) (p^+p^) 

-2p.  d 

(p^+A) (p^+Pg)  -  (pg-A) (p^-Pgje 


f(A) 


y  /L  6^^  I 


(P 


a. 


1  a. 


(P 


1  a. 


-2p  d  a 

“  P2)®  “  ^^1  ~G  P2^ 

ol  -2p.d 

+  Pg)  +  (Pl  ^  "  ^2^® 


and  order  v . 


p  p 
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are  permittivity,  permeability  and  conductivity . 


d  =  thickness  of  upper  layer. 


—  =  coscp 
P 


=  sincp 
P 


Coordinate  Systems 


L 
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I 


A 


;;u syB  s 
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E  = 
9 


H.  = 


Vertical  Magnetic  Dipole 
lc4ig|  N(l,l)  + 

N(2,l)  +  T(2,l) 


H,  =  N(2,0)  +  T(2,0) 


(2-142) 

(2-143) 

(2-144) 


E  = 


E  =  H  =  0 
z  cp 


Horizontal  Magnetic  Dipole 


E  = 

X 


E  = 


1c41q  sin  2cp|n(1,0)-  |  N(0,l)  +  T(1,0)-  |  T(0,l)  j  (2-145) 
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E  = 


H  = 

X 


H  = 

y 
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ICDfi-Q  i  COS  Cp 


N(1,0)+T(1,0)  I  -  cos  2cp 


1(41^  •  2  slncp  •  N(ljl) 


N(0,1)+T(0,1)]  I  (2-146) 
(2-147) 


^  cos  2cp  J^N(1,1)-T(1,1)  j  +  cos^cpj^-N(2,0)+T(2,0)j  (2-l48) 

-N(l,l)+T(l,l)  -  N(2,0)+T(2,0)  I  (2-l49) 

-  coscp  j^N(2,l)  +  T(2,l)'|j  (2-150) 


-  I  sin  2CP  I 


Vertical  Electric  Dipole 


E  =  2t(2,1) 


E^  =  2N(2,0)  +  Hq  N(0,0) 


=  la)€Q  2N(1,1) 


H  =  H  =  E  =  0 
p  z  tp 
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(2-153) 


Horizontal  Electric  Dipole 
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E 


y  0 


k?  .  1  sin  2cp  ^  N(-l,l)  -  N(0,0) 


(2-155) 


=  -  2  coscp  N(2,l)  -  kQ  C0S9  N(0,l)  4-  T(0,l)'t  (2-156) 


H  = 


1  r  2 

la)€^  •  TT  sin  2q)  \  -  — 
0  2  ^  1  P 


N(0, 1)+T(0,1) 


+  N( 1,0)+T(1,0) I  (2-157) 


y 


= 


IcdGq  I  -(l+cos  cp)N(l,0)  +sin  cpT(l^0)+  —  cos2cp 


-  icDGQ  slncp  |n(1^1)  +  T(l,l 


(2-159) 


N(0,1)+T(0,1) 

(2-158) 


III.  ASYMPTOTIC  APPROXIMATION  AND  NUMERICAL 
COMPUTATION  OP  TUE  COMPLEX  INTEGRALS 


In  order  to  compute  the  field  components 
case,  we  have  to  evaluate  three  types  of  Integrals 
on  page  64-  They  shall  be  referred  to  as  N,  T  and 
the  complex  functions  under  the  integral  sign  as  f 
By  using  the  well-known  results 


in  each 
as  shown 
■T,  and 
and  X  • 


N(0,0)  = 


0 


jQ(Ap)e  dA  - 


(3-1) 


N(0,l)  = 


0 


J^(Ap)e  dX  -  ^  2^,  2x1/2 

p  (p  +h  )  ^ 


-h 


(3-2) 


then  N(idjV)  with  p,  >  0  can  be  evaluated  as  follows: 


N(n,0)  =  (-1) 


Bh^ 


-Xh  xp. 


jQ(Xp)e"''“  dX  =:.(-!) 


0 


N(l,l)  =  - 


••jQ(Xp)e"^^  dX  =  -  ^ 


0 


N(|a+:i,l)=(-l)'^'^^  -4t  (4t 


3p 


\ 


2^h 2^1/2 


CpVu") 


1 

2,1  2iI72 

p  +h  )  / 

(3-3) 

(3-4) 


Sh^'v^  (pSPUpTe  il  "Sp 


|N{ia,0),  IX  ^  1 

(3-5) 
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Equation  (3-5)  relates  N(q,l)  to  N((i,:,0).  N(^l,0)  and  N(q,l) 

are  given  in  Appendix  V. 


3 . 1  Asymptotic  Approximation  of  T(i-LjV) 

T(ij,jV)  differs  from  N(ii,jV)  by  the  complex  function 
X(a).  If  X(A)  is  expanded  in  a  power  series  of  the  form 


X(A)  =  2  a^A 


^=0 

then  T(ia_,,v)  can  be  written  as 


(3-6) 


T(p,v)  =  2  a^N(^L+^,v) 


1=0 


3-7) 


and  thus  evaluated  as  a  power  series, 

(3-6)  can  be  achieved  by  Taylor’s  expansion  about 


0  in  which  a^  is  given  by 


a.  = 


d' 


dA 


I 


X(A) 


(3-8) 


A=0 


provided  that  all  derivatives  of  X(A) exist  at  A  =  0  (Walt, 
1958),  Since  X(A)  is  a  very  complicated  function,  finding  its 
high  order  derivatives  is  an  extremely  laborious  process. 
Three  of  them  are  given  in  Appendix  VI  and  the  corresponding 
Taylor  coefficients  are  given  below. 

Eq  =  -  1 

a,  =  -  L 
1 
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where  L 


T(2,0) 


where  Q 


ar^  = 


2L' 

k? 


nL  - 


+  OnL^ 


2(l-n)d.e 


] (l+n) - (l-n)e 


_  ( l+n)+ ( 1 -n)e 
(l+n) - (l-n)e* 


n  = 


K 

k. 


=  -  12k-,  d 
1 


Putting  ij,  =  2_,  V  =  0  in  (3-7)  ^  we  have 


^  2  a^N(  2+^,0) 


£  =0 


N(2,0)  -  i  ^  L  ‘  N(3.0)  +  N(4,0) 


k: 


-.1-2 


l-nL-L^+2nL^ 


2 (l-n)k^de^ 
(l-n) - (l-n)e' 


N(5,0) 


+ 


_1  3h^  )  ,  1  _ 

p72  ‘  q572  +  ^  k,  ^ 


o  u 
J'H 


5h^ 

j/2 


+ 


6l^  I  3 


30h 


2 


,  35h^^  /  ,  15  ]  .^2 

^  ^2  r  3^ 


Q' 


k: 


l-nL-3-2nL^ 


2 (l-n)k^de 
(l-n) -(l-n)e' 


OSh^  ^  63h^  ) 


+ 


(3-9) 


=  (l+r^)h^,  r  =  p/h  . 


The  asymptotic  expressions  for  T(1j0)^  T(O^O)  and 
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T(ml)  can  be  easily  obtained  by  substituting  appropriate 

values  In  (3-7)  for  a. ^  and  ,  v ) . 

In  (3-9)  '^2,  ^  complex,  and  they  make  the 

fourth  and  subsequent  terms  In  the  original  expression  (3-7) 

extremely  cumbersome  to  work  with.  If  we  multiply  (3-9) 

3/2 

through  by  Q  '  ,  we  have 


T(2,0) 


=  So('’) 


1 


g2(r,L) 


+  - p  gp(i’,L) 

(qQ) 


+  — S-,{r,L)  +  .  .  .  (3-10) 

The  g-function  can  be  obtained  from  (3-9)*  The 
right  hand  side  of  (3-10)  would  converge  rapidly  only  when 
k^Q  »  1.  Unfortunately  k^  Is  inversely  proportional  to 

,  T  being  the  period.  In  this  study  we  are  mainly  con¬ 
cerned  with  long  periods  (up  to  lO"^  sec.),  therefore  the 
asymptotic  expression  has  very  limited  use  in  what  follows. 
However,  when  p  and  h  are  large  (i.e.  Q  is  large),  the  first 
three  terms  in  (3-9)  (i.e.  terms  with  N(2,0),  N(3j0)  and 
N(4,0))  give  excellent  values  for  T(2,0)  up  to  T  =  20  sec. 
Some  of  these  values  for  T(2,0)  are  given  in  the  section  3*5 
for  checking  purposes. 

Similarly  the  Integral  t(|u,v)  can  be  transformed 
into  a  power  series  in  terms  of  the  Taylor  coefficients  of 
f(A).  Since  T(ii.,v)  appears  only  once  in  the  field  components 
and  the  Integral  is  to  be  evaluated  by  some  other  method. 
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its  discussion  is  dispensed  with  here. 

Instead  of  expanding  X(A)  and  f(A)  in  Taylor  series , 
fitting  polynomials  to  them  in  the  region  of  Interest  (which 
will  be  discussed  in  the  next  section)  would  also  serve  the 
purpose.  However,  this  idea  is  not  feasible  when  a  large 
number  of  Integrals  of  various  parameters  are  to  be  evaluated, 
because  X(A)  depends  on  all  these  parameters.  Each  time  a 
new  parameter  is  introduced  a  new  set  of  coefficients  has  to 
be  evaluated  for  the  polynomials.  Therefore  fitting  polyno¬ 
mials  to  the  complex  functions  has  little  advantage  over 
Taylor  series  expansion,  which  requires  laborious  high  order 
differentiation  only  once  and  for  all. 

3 . 2  Numerical  Method  for  Evaluating  Oscillating  Integrals  of 

00  _7v -u 

the  Type  f  A^  A ) ( Aa) e  dA 
T) 


The  integral  A^^i7(A)  (Aa)e  dA  (^.,  v  being 
■Q 

Integers,  a,  b  positive  constants)  appears  very  frequently 
in  many  of  the  wave  propagation  problems  in  geophysics.  Un¬ 
der  some  circumstances  it  has  been  transformed  to  the  complex 
plane  and  evaluated  with  the  theory  of  residues.  In  some  of 
these  cases  the  complications  Involved  in  the  integration 
about  a  branch  point  sometimes  allows  the  authors  only  an 
asymptotic  solution  at  large  distances  from  the  origin  of  dis¬ 
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Since  numerical  evaluation  of  these  integrals  forms 
a  basic  part  of  this  thesis^  a  discussion  of  the  general  pro¬ 
perties  of  these  integrals  are  given  below  and  a  few  numeri¬ 
cal  methods  for  their  evaluation  are  compared.  No  doubt  only 
the  exploitation  of  a  high  speed  computer  makes  it  possible 
to  evaluate  the  integral  with  even  the  simplest  there¬ 

fore  the  following  discussion  will  not  be  aimed  at  labour-saving 
but  rather  at  an  efficient  way  of  acquiring  results  of  desired 
accuracy  for  the  integral.  No  analytical  integration  on  the 
complex  plane  is  attempted  here,  and  fi(A)  is  assumed  to  be  a 
mathematically  simple  and  well-behaved  function  which  has  no 
singularity  on  the  real  axis  along  which  the  integration 
is  carried  out.  Otherwise,  O(^)  can  assume  any  complicated 
form,  either  real  or  complex. 

The  exponential  function  in  the  Integral  permits 
the  power  q  to  assume  any  finite  value  without  impairing  the 
properness  of  the  integral.  Since  0(A)  is  assumed  to  be  well- 
behaved  and  the  Bessel  functions  of  first  kind  always  have 
absolute  values  equal  or  less  than  unity,  the  absolute  con¬ 
vergence  of  the  Integral  can  be  easily  established.  However, 
the  oscillating  behaviour  of  the  Bessel  functions  makes  it 
very  difficult  to  apply  the  conventional  technique  such  as 
Laguerre -Gauss  quadrature  in  the  hope  of  obtaining  a  reason¬ 
able  accuracy  for  the  Integral.  It  is  particularly  bad 
when  p  is  large  which  makes  the  function  oscillate  very  ra¬ 
pidly  within  a  small  range  of  A. 


An  alternative  method  is  to  split  the  infinite  in- 
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Legra  1.  liilo  two  integrals  with  limits  from  0  to  C  and  from  C 
to  infinity.  One  can  then  apply  a  rudimentary  method  such  as 
Simpson's  rule  to  evaluate  the  first  integral,  and  the  second 
one  is  discarded  as  error.  However,  the  difficulty  here  is 
that  the  upper  limit  C  of  the  first  Integral  assume  prime  im¬ 
portance  and  a  good  estimate  of  it  may  not  be  an  easy  task. 

It  is  also  necessary  to  re-estimate  C  each  time  a.n  Integral 
of  different  constant  is  evaluated.  This  makes  the  method 
undesirable  when  a  large  number  of  integrals  containing  va¬ 
rious  constants  are  to  be  evaluated. 

The  following  is  a  method  suggested  by  Longman 
(1956)  to  evaluate  infinite  oscillating  Integrals.  Suppose 


a  given  integral 


f(x)dx  whose  integrand  f(x)  oscillates 


about  zero  is  to  be  evaluated,  and  suppose  f(x)  has  zeros 
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Then  we  can  write 

00 

y 

'1 

^2 

X 

.q 

f ( X ) dx  = 


f (x)dx  + 


0 


0 


X- 


=  +  S2  T 


f ( X ) dx  +  ... 


.  .  +  S  + 

q 


q-1 


f(x)dx  +  .  .  . 
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The  S  alternate  in  sign.  If  the  integral  exists,  the  right 
hand  side  of  (3-ll)  has  to  converge,  and  it  is  necessary  that 
I  S. 
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>  I  according  to  the  theory  of  convergent  alterna¬ 


ting  series.  The  sum  of  the  series  is  given  by 
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r  t 


0 


f  (x)dx  =  2  S  +  R  ,  where  |  R  |<  | 

q=l  ^ 


(3-12) 
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If  the  series  converges  fast  enough  the  summation  of  only  a 
few  terms  will  give  good  approximation  for  the  Integral.  On 
the  other  hand^  if  it  is  a  slowly  convergent  series,  a  large 
number  of  terms  have  to  be  taken'  and  straight  summation  can 
still  be  a.  drudgery.  It  is  the  latter  case  that  need  spe¬ 
cial  attention.  Euler's  transformation  of  slowly  convergent 
alternating  series  can  be  used  to  alleviate  this  difficulty. 

Euler's  transformation  is  outlined  as  follows  with¬ 
out  proof  (Bromwich,  1908,  p.  55) 

If  we  have  a  slowly  converging  alternating  series 
U  --  u^  -  U2  +  -  .  .  .  . 

where 

u  >  0,  u  ,  <  u  for  all  n, 

n  ^  n-l- 1  ^  n  ^ 

2 

and  if  we  write  Au  =  u  ,  -  u  ,  A  u  =  Au  -  Au 

n  n+1  n  n  rn-l  n  ,  .  .  . 


A  1  A  A  I" 

A  u=Au-,-Au 
n  n+l  n 


then  U  =  2  (-1)%^  =  "  (■§)  ^^2,  '^1 


(3-13) 


Thus  U  has  been  transformed  from  a  slowly  to  a  rapidly  con¬ 
vergent  series.  This  is  a  powerful  approach  because  even  for 
a  very  slowly  convergent  original  series,  an  accura.cy  of  7  to 
8  figures  can  be  obtained  within  20  terms. 

The  computation  of  each  term  is  a  simple  matter  of 
evaluating  a  definite  integral.  Either  Simpson's  rule  or  any 
other  method  of  numerical  Integration  can  be  used  with  great 
confidence.  In  this  study  the  Gauss  method  of  mechanical 
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tiuacl using  l6  ordinates  (TjOW-.n  al_j  1942)  is  to  be  used. 

Gauss  method  is  based  on  the  following  principle. 

1 

It  states  that  if  the  integral  P  f(y)dy  is  to  be  evaluated 

--1 


numerically  with  n  ordinates,  the  best  accuracy  Is  obtained 
by  choosing  the  corresponding  abscissae  at  the  n  zeros  of 
the  nth  degree  Legendre  polynomials  P^(y)‘  If  designate 
these  zeros  by  y^  ,  Y r\  ’  with  each  y^  is  asso¬ 

ciated  a  constant  a^  such  that 


f (y)dy 


a^f (y^) 


+  a, 


,f  (y2) 


+ 


+  a2f(y^) 


n' 


(3-14) 


-1 


and 


a. 


(3-15) 


Any  definite  integral  can  be  transformed  into  (3-l4)  by  change 

of  variable.  For  example, 
q  1 

r  r 


f(y)dy 


q-p 

2 


f  (z 


q-p 
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+ 


q+p 


)  dz 


(3-16) 
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where  y  is  replaced  by 


(z 


q-p 

2 


+ 


£±Pl 
2  ^ 


By  (3-14) 

q 

f(y)dy  = 


n 

2 

1=1 


a/(z^ 


q-p 

2 


+ 


q+p 


)  + 


R  (f) 
n  ^  ' 


where 


(2n) Ik^ 


(3-17) 
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i  is  iiotwo('n  p  and  q.,  and 


(q-p)‘’+ V2 


(3-17b) 


and  with  15  significant  figures  have  been  calculated 
for  n  =  2  to  l6  by  Lowan  ^  (Lowan^  Davids  and  Levenson,, 
19^2) . 


3 . 3  A  discussion  of  the  Integrand  of  T(q,v) 


In  order  to  evaluate  T([x^v)^  the  complex  function 
X(A)  under  the  Integral  sign  must  be  first  decomposed  into 
real  and  imaginary  parts.  This  has  been  carried  out  in  Ap¬ 
pendix  VII. 

Figures  3a  and  b  show  the  general  behaviour  of  the 

real  and  imaginary  parts  of  x(^)-  The  abscissa  of  Figure  3ti 

4 

has  been  extended  by  a  factor  of  1.2  x  10  while  that  of  3a 
is  unm.odlfled.  Thus  3^*  magnifies  the  very  beginning  portion 
of  3a.  The  im.aglnary  parts  of  x(^)  is  an  extremely  well  be¬ 
haved  function  decreasing  towards  zero  with,  increasing  values 
of  A.  The  real  part  starts  its  slow  oscillation  at  A  =  .309 
as  shown  in  Figure  3a.  It  is  extremely  undesirable  to  have 
a  product  of  two  oscillating  functions  of  different  frequen¬ 
cies  for  the  Integrand.  Fortunately  our  integration  is  con¬ 
fined  to  very  small  values  of  A.  This  is  clear  from  the 
following  discussion  by  use  of  (3-22).  In  equation  (3-22) 
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Real  and  Imaginary  Parts  of  X(x) 


Figure  3^.  Real  and  Imaginary  Parts  of  X(x) 
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The  maximum  values  of  are  the  maximum  zeros  of  and 

to  be  used  which  are  62.048  and  63.611  respectively  (the  OOldi 
zero  beyond  the  origin).  Since  x(^)  a  monotone  decreasing 
function  of  constant  sign,  for  A  <:  .309^  the  corresponding 
maximum  value  for  rh  Is  given  by 

rh  ^  206  . 

In  this  study  h  Is  taken  to  be  10"^^  therefore  for 
practical  purposes^  X(4)  can  be  considered  as  a  monotone  de¬ 
creasing  function  of  constant  sign  within  the  range  of  Inter¬ 
est.  This  constancy  In  sign  Imposes  no  modification  upon 
the  alternating  nature  of  the  Integrated  series  (see  3-19 
below).  Consequently  Euler's  transformation  can  be  applied 
freely  If  so  desired. 

At  r  =  0,  or  p  =  rh  =  0^  Jq(0)  =  1^  and  Jj^(O)  =  0. 
All  T(p^l)  =  0^  and  the  Integrands  of  T(iUj O)  oscillate  slowly 
with  x(^)  ■  Consequently  the  computation  of  T(iUjO)  at  r  =  0 
becom.es  less  difficult. 

For  all  discussions  that  follow  x(A)  Is  taken  to 
be  a  decreasing  function  of  constant  sign.  Upon  this  assump- 
tlon^  we  shall  presently  make  a  careful  study  of  the  oscil¬ 
lating  behaviour  of  the  whole  Integrand  and  Its  rate  of  con¬ 
vergence.  Both  properties  are  decisive  factors  on  the  choice 
of  Integrating  method. 

For  the  convenience  of  discussion,,  let  us  rewrite 
T(iu^v)  In  the  following  form^  with  Ah  =  x,  r  =  p/h 
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00  00 

x^X(^) J^(rx)e"^  dx  (3-l8) 

(3-18)  shows  that  while  the  magnitude  of  the  Integral  Is  re¬ 
gulated  by  h_,  the  oscillating  property  depends  upon  r,  the 
ratio  of  p  to  h. 

Figure  4ashows  a  plot  of  jQ(rx)e"^  against  x.  Sup¬ 
pose  at  X  =  b^  e~^  Is  sufficiently  small  to  make  the  portion 
of  the  Integral  beyond  that  point  negligible.  (This  assump¬ 
tion  Is  not  unique  because  a  different  value  of  b  Is  required 
for  different  r.  In  fact  It  Increases  with  r.  However  this 
variation  of  b  would  help  rather  than  hinder  the  discussion 
that  follows.)  Then  the  range  of  x  between  0  and  b  Is  the 
range  of  Integration.  It  Is  noted  that  the  frequency  of  os¬ 
cillation  Increases  rapidly  with  r^  and  the  larger  the  r^  the 
less  difference  there  Is  between  the  areas  under  the  curve 
between  the  consecutive  zeros.  In  other  words,  as  r  Increases 
the  Integrated  series  loses  Its  rate  of  convergence  through 
two  factors:  higher  frequency  of  oscillation  and  less  dif¬ 
ference  between  the  areas  between  the  zeros.  The  factors 
A^X(A)  would  only  aggravate  the  situation  since  would 
tend  to  reduce  the  effect  of  the  exponential  and  X(A)  Is  a 
fairly  constant  function  except  in  the  vicinity  of  the  ori¬ 
gin.  Some  examples  In  the  next  section  will  demonstrate  this 
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Jo(rx)e  ^ 


Figure  4a.  Oscillation  of  JQ(rx) 
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3 . 4  Application  of  (lauss  Method  to  T(^i,v) 

In  order  to  apply  Gauss  quadrature  to  T(ia,v)  we 
rewrite  the  Integral  as  follows^  with  x  =  Ap^  r  =  p/h  ^ 


A'^X(n)Jy(Xp)e‘^*^  dX  =  (U) 


P+1 
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x^X(™)J^(x)e  dx 
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(3-19) 


t  h. 

where  x.  is  the  1  zero  of  (x)  beyond  the  origin^  and  x„  =  0 

_L  V  [j 


Apply  (3-16)  and  (3-17)  to  the  Integral  in  (3-19) 
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where  a  .  is  a  constant  given  In  (3-15) 
J 

( _  ^1+1  -^1  ,  ^1+1  +^i 

yi  =  Z - 2 —  + - 2 - 


and 


(  X  -X^  X  +x^ 

nj  =  +•  - 2 - +  - 2 - 
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"b  h  "bh 

where  denotes  the  j  zero  of  the  n  degree  Legendre  poly- 

Por  n  =  l6^  a.  and  z.  are  given  in  Appendix  VIII. 
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Combining  (3~20)  and  (3-19)  ^  we  ha.ve 


\i+ 1  M 

T(b,v)  llm 


M™>oo  1  =  0 


2 


(3-22) 


The  a.pp]'o.xlma.tlon  sign  is  used  In  (3-20)  and  (3-22)  because 
(3-20)  does  not  Include  the  error  given  by  (3-17a.)  .  The 
error  in  (3-22)  can  be  easily  obtained  in  the  computation 
and  will  be  shown  below. 


X  In  (3-22)  is  a  complex  function.  If  we  replace 


X  by  (Re  X  +  i  Im  X)^  (3-22)  will  give  the  imaginary  and  real 

parts  of  the  Integral  T(|,i,v).  Figure  4b  illustrates  the  re¬ 
lation  in  (3-22)  graphically. 


The  right  hand  side  of  (3-22)  is  a  difficult  func¬ 


tion  to  compute  because  of  the  Bessel  function  of  an  argument 
dependent  upon  M  being  the  number  of  zeros  to  be -used  in  the 
computation.  The  20th  zero  of  Jq(x)  is  at  x  =  62.048  .  .  .^ 
and  the  corresponding  zero  of  J^(x)  is  at  x  =  63-6113.  .  .  . 

The  computation  of  Jq(x)  and  J^(x)  of  such  large  arguments 
is  a  time  consuming  and  painstaking  job  even  with  a  high  speed 
computer.  This  is  the  chief  reason  for  transforming  T([i:.v) 
into  the  form  of  (3-19)  and  then  (3-22)  with  the  argument  of 
the  Bessel  function  as  the  variable  of  integration  which  is 
Independent  of  r.  Otherwise ^  a  new  set  of  value  would  be 
required  for  different  r  in  (3-22). 


Fortunately  there  are  tables  of  Bessel  functions 
of  large  arguments  and  high  accuracy  available.  One  such 
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Figure  4b.  Relation  of  (3-22).  Series  cut  off  at 
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table  was  published  by  tlie  Hai'vard  University  Computation  J,ah. 

(1947)-  It  contains  Jq(x)  and  J^(x)  to  I8  significant  figures 

with  small  increments  of  x  up  to  x  =  100.  The  zeros  of  Jq(x) 

and  obtained  from  "zeros  of  Jq(x)  and  J^(x)"  by 

the  British  Association  for  the  Advancement  of  Science  (1950). 

With  the  aid  of  these  two  tables  all  values  of  y.  .  in  (3-22) 

^  J 

can  be  computed  from  (3-21 )  and  the  corresponding  J  (y.  .) 

V  1 J 

can  be  computed  by  either  extrapolation  ore  Taylor's  expan¬ 
sion  from  the  tables  up  to  y.  .  =  100.  These  values  are  com- 

^  J  I, 

puted  once  and  for  all  computations.  Longman  (1957)  has 

computed  y.  .  for  16  ordinates  and  in  between  each  of  the 
^  J 

first  20  zeros  of  Jq(x)  and  J^(x);,  and  they  are  used  in  the 
computation  in  this  thesis.  The  accuracy  of  these  values 
has  been  spot  checked;,  and  has  been  confirmed  by  Professor 
Longman  through  private  communication.  Some  other  means 
have  been  devised  for  checking  in  the  next  section. 

3 . 5  Computation  of  the  Integrals  and  a  Discussion  of  Their 

Accuracy 


The  computation  of  the  integrals  has  been  carried 
out  with  the  IBM  l620  computer  in  the  Computing  Centre  of 
the  University  of  Alberta  by  use  of  (3-22)  with  a  maximum 
M  =  20,  and  n  =  16.  Pour  values  of  r,  0,  .2,  3,  5  have  been 
used  in  the  computation  and  the  results  are  given  in  Appen¬ 
dix  IX.  Since  we  confined  our  attention  to  the  near  fields 
of  the  dipole  ( say^  r  ^  5).  Euler's  transformation  has  not 
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been  uGGd  In  the  computation.  The  .following  tables  show  that 
20  terms  In  the  Integrated  series  ar.-e  adequate  to  ensure  at 
least  4  significant  figures  for  the  Integrals  r  <  3*  The 
following  values  were  all  computed  with  the  common  constants^ 
=  .2  (ohm-m)  =  .002  (ohm-m)"^,  d  =  4,000  m,  h  =  10^ 

T  =  period  in  sec.  The  first  column  Indicates  the  terms  In 
a.  series,  e.g.  In  Table  1,  3  terms  have  been  calculated,  in 
Table  2,  10  terms  and  so  on.  The  row  headed  sum  is  the  sum 
of  all  previous  terms.  It  Is  therefore  the  real  and  imagin¬ 
ary  parts  of  the  integrals.  The  maximum  error  in  each  case 
is  bracketed.  The  number  of  terms  required  increases  with 
r  (3  for  r  =  .2,  10  for  r  =  1,  19  for  r  =  2,  etc.). 


1 

2 

3 

Sum 


Table  1 
r,=  .2,  T  = 

Real  p.art 

-. 9542651 5K- 05 
. 31024207E-II 
(-.11933114e-18) 
-.95426484E-05 


10  sec. 

Imaginary  pa,rt 

. 32356982E-O6 
178624211.  d.! 

( . I8138217E-I8) 

.32356804E-O6 


m. 
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I'"dVC''7  a  a',':  r-' 


f  'Caaix 

ra,a...  :a.!''8,a;:3 ,;:  aac 


1 

2 

3 

8 

9 

10 

Sum 

1 

2 

3 

15 

l6 

17 

18 

19 

Sum 


Table 


T(2,0),  r  =  1,  T  = 
Real  part 

-.39998709E-I5 

.24821618E-I5 

-.27964062E-16 

.2483072OE-22 

(-.12922339E-23) 

-.I777302IE-I5 

Tabe  3 

T(2,0),  r  =  2,  T  = 
Rea.l  part 

-.95033477E-16 
. 2088224IE-I5 
-.IO835602E-I5 

-.IO979537E-22 
. 25130497E-23 
(-. 57144307E-24) 


.10  sec. 

Ima.glnary  part 

.I737808IE-I7 
-. 32606974E-I7 
. 6703OI65E-I8 

-.1979328IE-23 

.II751366E-24 

(-.671399OOE-26) 

-.92178287E-I8 


.10  sec. 

I  mag  i  n  a  I'y  pa  r  t: 

.22634173E-I8 

-.14526412E-17 

.13407OO6E-I7 

.8717088OE-24 
-. 21363307E-24 
. 517894 57E-25 
-. 1243499IE-25 
( .2960434OE-26) 
-. 38O82729E-I8 


.35395206E-I6 
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Ta.bLc  •'l- 


T(2,0),  r  =  3,  '1'  = 

.10  sec. 

Real  part 

Imaginary  part 

1 

-.35339125E-I6 

.57735433E-I9 

2 

.11973953E-15 

-. 5659II78E-I8 

3 

103401 58E-15 

.8622968IE-I8 

17 

-.84168178E-21 

. 50872305E-22 

18 

.32186338E-21 

-.206563OOE-22 

19 

-.12245641E-21 

.83165848E-23 

20 

( .46378245E-22) 

(-.33231686E-23) 

Sum 

. 22051 56OE-16 

-.84434675E-19 

Table  5 

T(2,l),  r  =  5.0,  T 

=  .10  sec. 

Real  part 

Imaginary  part 

1 

-.2894309OE-16 

.49440123E-I9 

2 

• 54757998E-I6 

-.21287378E-I8 

3 

57478893E-I6 

. 35109272E-I8 

4 

. 487661 57E-I6 

-.40656255E-I8 

17 

12710157E-I8 

.47535367E-20 

18 

.73802197E-I9 

-.29253359E-20 

19 

-.42649324E-19 

.I785976OE-20 

20 

( .24541135E-19) 

(- .IO82619OE-20) 

Sum 

-.43552524E-17 

-.12885695E-I9 

I 


1 

17 

18 

19 

20 

Sum 

1 

2 

3 

17 

18 

19 

20 

Sum 
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Table  6 

T(2,l),  r  =  5.0,  T 
Real  part 

-.27796499E-16 

66179143E-20 

.33476806E-20 

-.16944402E-20 

(.85821373E-21) 

-.4602721IE-I7 

Table  7 

T(2,l),  r  =  5.0,  T  = 
Real  part 
-.4oiooio6e~i8 
. 57594689E-I9 
-.21029259E-I9 

-.70314847E-24 
. 3526751 5E-24 
-.1772865OE-24 
( .89244312E-25) 
-.3583066IE-18 


=  100  sec. 

Imaginary  part 

.3739844OE-I7 

.25305872E-I9 

-.13704363E-I9 

.74021566E-20 

(-.39892959E-20) 

-.9695OO58E-I8 


10,000  sec. 

Imaginary  part 

.27279198E-I7 

-.I7218553E-I7 

.IO698919E-I7 

.27062556E-21 

-.14535635E-21 

.77970486e-22 

(-.41775644E-22) 

.16739434E-17 
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Table  8 

T(0,l),  r  =  5.0,  T  =  .10  sec. 


Real  part 

ImagJnary  part 

1 

-. 19508362E-O5 

.24184723E-08 

2 

.48208093E-06 

-.I812868OE-O8 

3 

-.I9887446E-O6 

. II991679E-O8 

17 

-.II5193OOE-IO 

.43067II7E-I2 

18 

.59549377E-II 

- .235968217-12 

19 

-.3083369OE-II 

. 12908394E-12 

20 

( .I5988IO2E-II) 

(-.70513586E-I3) 

Sum 

-,i6o64254e-05 

.I3413909E-O8 

For  r  =  3.0,  20  terms  give  only  six  significant 
figures  for  the  real  part  and  four  for  the  imaginary  part. 
Table  5  gives  T(2_,l)  for  r  =  5.0  and  T  =  .10  sec.  It  is  ob¬ 
vious  that  the  accuracy  for  both  the  real  and  imaginary  parts 
are  quite  poor  (two  and  one  figures  respectively) .  However, 
as  T  Increases  the  accuracy  for  both  the  real  and  the  imagi¬ 
nary  parts  Improves.  Table  6  shows  that  at  T  =  100  sec., 
the  real  part  is  accurate  to  four  places  and  the  Imaginary 
part  to  three  places,  while  for  T  =  10,000  sec..  Table  7 
shows  that  the  accuracy  of  the  integral  has  greatly  increased 
to  seven  and  five  figures  for  the  real  and  imaginary  parts 
respectively . 


If  Table  8  (T(0,1))  is  compared  with  Table  5  (T(2,1)) 
r  and  T  being  equal  in  both  cases,  one  again  finds  an  Improve- 


9.1 


mont  In  tho  accuracy.  This  comparison  shows  that  ail  othei‘ 
constants  being  equals  tho  accuracy  of  the  integrals  decreases 
with  h.  This  is  not  at  all  surprising  because  as  shown  in 
equation  (3-22) ,  the  rate  of  convergence  of  the  Integrated 


series  which  depends  upon  the  factor  (y^j 


decreases 


as  |J,  and  r  Increases. 

One  can  generalize  the  accuracy  of  the  computed  in¬ 
tegrals  T(|ajV)  as  follows:  the  accuracy  of  both  the  real 
and  imaginary  parts  (l)  decreases  as  r  increases^  (2)  de¬ 
creases  as  la  increases^  and  (3)  increases  with  the  period  T. 
In  all  caseSj  the  accuracy  of  the  real  part  is  at  least  one 
figure  better  than  the  imaginary  part.  The  values  of  T(2^v) 
for  r  =  5-0  are  not  sufficiently  accurate  for  computations 
of  the  field  components  at  the  low  period  end.  The  worst  of 
all  computed  values  are  T(2;,0)  and  T(2^l)  for  r  =  5^  T  =  .10 
sec.  The  latter  and  the  20  Integrated  terms  from  which  it 
is  computed  are  shown  in  Table  5- 


The  sources  of  error  are  threefold,  namely  (l) 


the  reliability  of  the  overall  method,  (2)  accuracy  of  the 
abscissae  and  the  corresponding  values  of  the  Bessel  func¬ 
tion,  and  (3)  the  logic  of  programming. 


We  notice  that  T(|a,  v)  differs  from  N(ja,  v)  by  the 


complex  factor  X(A).  If  we  set  x(A)  =  1  the  T([-L,  v)  and 
N(|a,v)  are  identical.  Since  N(|a,  v)  can  be  evaluated  analy¬ 
tically  (Appendix  V)  its  value  can  be  easily  obtained  with 
high  precision  by  a  hand  calculator.  Therefore,  if  T(ja,  v)  is 
computed  with  X(A)  =  1,  and  if  the  result  is  equal  to  that  of 
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with  tl'io  L'amo  p'ri'aiiicr.e.i;'!',  we  ai.'e  aiii-o  that  tlio  iTiethod,  la  ■  re - 
liable  and  that  the  abscissae  and  tiie  corresponding  Bessel 
functions  are  free  of  error.  The  following  are  two  Integrals 
N(1^1)  and  N(2:,0)  thus  obtained  from  the  computer  by  use  of 
the  program  with  data  for  T(l^l)  and  1(2^0)^  l.e.  r  =  2.0^ 

=  .2  mho/m^  =  .002  mho/m,  h  =  10^  m, 

=  . I7888539E-IO  ^  l4  terms  used. 


N(l,l)  =  T(l,l) 
N(2,0)  -  T(2,0) 


X:(A>fL 


=  -  .35777097E-I6  , 


18  terms  used. 


X-(A)-..l 

The  values  can  be  compared  with  the  following  which  have  been 
calculated  by  hand  from  equations  given  In  Appendix  V: 


N(l,l)  =  -o - -- 


2:372 


N(2.0)  = 


h  (1  -I-  r  ) 
(2-r^) 


.178885440  X  10 


-10 


h'^(l  +  r  ) 


2372 


=  -  .357770876  X  10 


-16 


The  above  values  confirm  the  method  used  and  the 
accuracy  of  the  Bessel  functions.  However^  this  has  not  freed 
the  program  of  logic  error  In  X{7\) ,  because  It  has  not  been 
used  In  the  above  computation. 

Fortunately^  the  physical  situation  of  the  problem 
provides  a  convenient  check  for  X(A).  Physically  X(A)  takes 
care  of  the  boundary  conditions  and  layering  effects.  There¬ 
fore^  If  an  Identical  physical  situation  can  be  created 
through  the  manipulation  of  the  parameters  In  X(A)^  using 
these  different  parameters  we  would  expect  the  values  of  the 
Integral  to  be  Identical.  This  Is  Illustrated  as  follows: 
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A  honiogonoous  earth  o.t  conductivity  a  corresponds 
to  models  (a)  =  o,  (b)  d  =  0^  ~  ^ 

=  o;  thoreforo  these  should  all  give  Identical  values  for 
the  integrals.  This  has  been  confirmed  and  thus  X(A)  has 
been  convincingly,  though  not  conclusively,  proven  to  be  cor¬ 
rect,  since  assuming  a  homogeneous  earth  automatically  ex¬ 
cludes  all  layer  effects  that  X(A)  stands  for. 

A  last  check  of  the  integrals  can  be  done  with  the  ci- 
symptotlc  expansion  as  given  in  (3-9)-  If  k^Q  is  sufficiently 
large,  we  can  approximate  T(ir,v)  by 


T(  |u,  v)  =  2  a^N(|-L+i  ,  v) 


Jl=0 


(3-23) 


as  the  first  3  terms  in  (3-9) .  For  h  =  10^,  = 


k^  JiadiQC^  =A|l 


r  1.25  X  10 


-3 


k.  Q  =  ^ 


T  1 .25  X  ( 1+r^) X  10 


T 


at  r  =  3 


k^Q- 


r  395 

T 


In  order  to  have  reasonable  results  by  3  term  expansion, 
k^Q  must  be  much  larger  than  1.  The  following  two  tables 
give  the  values  of  T(2,0) .  Table  9  is  computed  from  the  in¬ 
tegral  and  Table  10  from  the  series.  It  is  noted  that  as  T 
increases,  the  accuracy  decreases  in  Table  10  because  k^Q  »  1 
does  not  hold  at  high  periods. 


gl\. 


Tabic  9 

Computation  from  Integral 


30E+01,  SI  = 

■1(2,0) 

.2000E-00,  S2  =  .2000E~02, 

D  =  .4oe+o4, 

T  (sec) 

E  =  .IOE+06 

Real  Part 

Imaginary  Part 

.10 

.2205150OE-I6 

- .84434675E-19 

.20 

.22016603E-I6 

- .II943250E-18 

•  50 

.21947217E-I6 

- . 1888950IE-18 

1.00 

.2l8b9070E-l6 

- .2677859OE-18 

o 

o 

OJ 

.2175336IE-I6 

- .37560499E-18 

5.00 

.21576676E-I6 

- .55750119E-18 

10.00 

.2148762OE-I6 

-.85363732E-18 

20.00 

.2i4o8214e-i6 

- .15012673E-17 

50.00 

.2135326IE-I6 

- .3461396IE-17 

100.00 

.21426352E~16 

- .7621935OE-17 

200.00 

. I5889079E-I6 

- . 17092902E-16 

500.00 

- .52220677E-I7 

- .15555217E-16 

1000,00 

- .960815IOE-I7 

-.38133709S-17 

2000.00 

- .60542829E-I7 

.20451163E-17 

5000.00 

- .I9715858E-I7 

.25454967E-17 

10000.00 

- .71423302E-18 

.16613346E-17 

1 


I 

I 

( 


95 


Table  10 

Computation  from  Series 
T{2,0) 


.3OE+OI,  SI  = 

.2000E-00,  S2  =  .2000E-02,  D  =  .40E+04 
E  =  .lOE+06 

T  (sec) 

Real  part 

Imaginary  Part 

.10 

.22051552E-I6 

- .8443451IE-I9 

.20 

.22OI6597E-I6 

- .i1943304e-i8 

.50 

.21947243E-I6 

- .18889898E-I8 

1.00 

.21869095E-I6 

- .26779805E-I8 

2.00 

.21753418E-I6 

-.37563445E-18 

5.00 

.2157702IE-I6 

- .55787437E-I8 

10.00 

.214879^3E-16 

- .85580907E-I8 

20.00 

.214o4267E-i6 

-.15135765E-17 

50.00 

.21175092E-16 

-.34955363E-17 

100.00 

.20740263E-16 

- .66427873E-17 

200.00 

.1978028OE-16 

- .12516092E-16 

500.00 

.16859265E-16 

-.28355337E-16 

1000.00 

.1259665OE-16 

- .5205251IE-16 

2000.00 

.62131989E-17 

- .95667344E-16 

5000.00 

- .4i475307E-17 

- .21906589E-15 

10000.00 

- .10761902E-I6 

- .4214o897E-15 
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The  Imaginary  parts  arc  less  accurate  than  the  real 
parts.  This  is  expected  since  In  (3-23) ,  the  first  term  Is 
real.  Only  the  second  and  third  terms  are  complex.  In  other 
wordSj  the  real  part  Is  calculated  from  one  more  term  than 
the  imaginary  part. 

The  integral  T(|rjV)  is  more  complicated  because  f(A) 
has  a  singularity  at  A  =  0.  In  fact  t(OjO)  is  divergent. 
However  the  following  integrals  exist: 

t(h.1)  .  p  =  0,  1,  2  .  .  . 

t(P,0)  ,  P  ^  1 

In  this  study^  we  only  use  t(2;,1)  to  compute  the 
radial  E  component  of  the  vertical  electric  dipole.  Some  of 
the  values  of  t(2j1)  are  given  in  Appendix  IX.  The  analysis 
for  t(2^1)  Is  exactly  the  same  as  for  T(pjV)j  with  X(A)  re¬ 
placed  by  f ( A) . 
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IV.  I'VOPiiaTTI'lS  OF  E  AND  II  FIELD  COMPONENTS 
ON  THE  SURFACE  OF  A  2- ILYJ^IRED  EARTH 

The  electric  and  magnetic  field  components  as  summa¬ 
rized  in  Chapter  II  are  computed  by  use  of  the  Integrals  eva¬ 
luated  in  Chapter  III.  The  fields  are  computed  for  a  constant 
source  elevation  h  at  four  radial  distances:  p  =  0,  <,2  h,  3  h 
and  5  h.  For  the  horizontal  dipole,  whose  fields  are  angu¬ 
larly  dependent,  four  angular  distances  from  the  x-axls,  cp  =  0, 
Tr/6,  7r/3  and  it/2  radians  are  used.  At  each  space  point,  the 
fields  are  computed  at  l6  discrete  periods  T  =  .1,  .2,  .5:»  Ij. 

2,  ,  5^000,  10,000  sec.  This  is  in  conformity  with 

many  geophysical  observations  which  are  usually  carried  out 
at  a  particular  spot  but  are  composed  of  a  band  of  frequencies 
Instead  of  a  single  one. 

4.1  Characteristics  of  the  Fields  on  the  Surface  of  the  Earth 


(A)  Vertical  magnetic  dipole  fields 

The  fields  of  a  vertical  magnetic  dipole  as  given 
In  Appendix  X  are  plotted  In  Figure  5-  It  Is  noted  that  the 
H  components  are  Increasing  with  period  for  all  r  while  the 
Hp  components  level  off  and  then  decrease  at  T  =  10  sec. 

The  total  H  (approximated  by  H^  up  to  T  100  sec.)  exhibits 
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little  rrcquoncy  dependence  up  to  T  =  100  sec.  and  then  starts 
to  Increase  with  period.  For  r  =  0  and  .2,  total  H  again  at¬ 
tains  a  constant  value  (^v  2  x  lO"^^  amp- turn/m)  .  However, 
for  r  =  3-0  and  5-0  the  total  H  starts  Increasing  at  T  510 
sec.,  leaving  behind  a  hump  which  becomes  more  pronounced  as 
r  Increases.  decreases  rapidly  as  the  period  Increases. 

Humps  also  appear  In  E  corresponding  to  those  In  H. 

These  humps  are  present  In  all  T(|u,v)  within  the 
period  range  from  200  -  1000  sec.  Therefore,  mathematically 
the  complex  Integrals  are  entirely  responsible  for  these  Ir¬ 
regularities.  It  Is  true  that  the  field  components  are  com¬ 
binations  of  both  N(ijl,v)  and  T(iu,v).  However,  N([i,v)  are 
Independent  of  the  period,  therefore  the  shape  of  the  field 
components  are  characterized  by  the  complex  Integral  T([u,v). 
Physically,  the  entire  family  of  T(m,,v)  represent  at  least 
part  of  the  secondary  fields  which  are  the  direct  consequence 
of  the  presence  of  the  conducting  earth.  We  can  therefore 
classify  these  Irregularities  of  the  E  -  H  fields  as  strictly 
a  secondary  phenomenon. 

It  Is  Interesting  to  note  that  the  period  of  the 
hump  maximum  progresses  with  rj  so  does  Its  relative  strength. 
A  very  possible  explanation  for  these  humps  Is  wave  Inter¬ 
ference  at  the  surface  due  to  the  conducting  layer  of  finite 
thickness  In  analogy  to  the  thin  film  Interference  phenomenon 
In  optics  due  to  multiple  reflection.  It  Is  however  not  easy 
to  describe  the  Interference  patterns  quantitatively  because 
the  Incident  waves  are  not  plane  waves.  Another  approach  to 
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show  that  these  Irregularities  are  in  fact  due  to  multiple 
reflection  from  the  lower  Interface  would  be  to  remove  the 
interface  by  considering  a  homogeneous  earth,  or  to  vary  the 
thickness  of  the  layer  at  constant  rate.  In  the  former  case 
the  humps  should  disappear  with  the  removal  of  the  layer. 

In  the  latter  case  the  displacement  of  the  humps  should  be 
In  some  regular  fashion  as  'd’  varies  regularly. 

Figures  6,  7  and  8  show  the  variation  of  the  abso¬ 
lute  amplitudes  of  the  components  of  the  electric  and  magne¬ 
tic  vectors  as  a  function  of  radial  distances  from  the  origin. 
Since  these  plots  are  based  upon  four  points  only,  i.e.  r  =  0, 
.2,  3  and  5^  they  should  only  be  considered  as  a  guide  to  the 
space  variation  of  the  fields.  The  primary  field  (or  free 
space  field)  in  each  component  is  plotted  as  dashed  lines. 

Figure  6  shows  the  space  variation  of  the  field 
strength  of  both  the  free  space  value  and  the  total  value 
(primary  +  secondary)  of  of  a  vertical  magnetic  dipole. 

One  notices  two  obvious  variations : 

(a)  At  a  given  r,  the  total  field  strength  of 

approaches  the  free  space  value  as  T  increases.  For  example, 

at  r  =  1,  T  =  .1  sec.,  the  free  space  field  is  larger  than 

4 

the  total  field  by  a  factor  of  100  while  at  r  =  1,  T  =  10 
sec.,  the  free  space  field  and  the  total  field  are  nearly 
equal.  This  variation  is  expected.  In  fact  as  T  oo,  the 
source  becomes  a  D-C  source  and  all  the  induced  effect  van¬ 
ishes.  Therefore  the  fields  of  such  a  source  in  presence  of 
the  earth  should  approach  that  of  the  same  source  when  the 
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earth  Is  not  present^  which  is  the  free  space  field. 

(b)  For  a  given  period,  the  difference  between  the 
free  space  and  the  total  fields  Increases  with  r.  For  example, 
at  T  =  .1  sec.,  free  space  E^/total  ratio  100  at  r  =  0.5 
but  the  same  ratio  ^  2000  at  r  =  5.0.  Since  the  difference 
Is  due  to  the  presence  of  the  earth,  the  effect  of  the  earth 
assumes  great  Importance  in  comparison  with  the  primary 
field  as  r  Increases.  This  can  probably  be  explained  with 
the  concept  of  surface  waves  Introduced  by  Sommerfeld  when  he 
analyzed  the  dipole  fields  on  the  surface  of  a  homogeneous 
earth.  The  term  that  represents  surface  wave  is  in  fact  a 
residue  of  the  complex  Integral  and  the  potential  of  this 
wave  varies  with  1//F.  As  we  have  seen  earlier  the  primary 
Hertz  potential  varies  as  l/r,  therefore  as  r  increases  the 
surface  waves  become  more  and  more  appreciable.  Note  that 
the  field  Interpolated  between  r  =  .2  and  3  Is  guided  by  the 
primary  field. 

4 

Figure  7  shows  at  T  =  .1  sec.  and  10  sec.  The 
dashed  line  Is  the  free  space  field.  Both  the  variations 
(a)  and  (b)  cited  in  the  last  paragraph  are  also  present. 

(Note  that  variation  (b)  is  small  and  cannot  be  shown,  in  tjie 
graph.)  It  is  worth  noting  that  E^  and  approach  the  free 
space  value  from  two  opposite  directions  as  T  increases. 

This  is  due  to  the  fact  that  the  induced  E^  tends  to  cancel 
out  the  primary  E  while  the  H  's  reinforce  each  other.  If 
the  earth  were  a  perfect  conductor,  H  would  be  twice  as 

r 

large  as  the  free  space  field.  Figure  7  also  supports  this 
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Figure  8.  of  a  V.M.D. 
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H  is  almost  two. 

P 

Figure  8  shows  H  as  a  function  of  r.  A  dlscontl- 
nulty  of  log  H  occurs  at  r  ^  /\f2  where  H  =  0  at  z  =  0  and 

Zi  z 

changes  sign.  Physically  this  Is  clear  from  Figure  9. 


Figure  9.  Field  lines  of  a  vertical 
magnetic  dipole 


It  Is  worth  noting  that  for  r  <  4~2,  the  vertical 


magnetic  field  approaches  the  free  space  value  from  below  as 

T  Increases.  However,  for  r  >  .  H  varies  In  a  rather  com- 

z 

plicated  fashion.  At  r  =  3:j  H  attains  the  free  space  value 
at  T  ^  220  sec.  (cf.  Fig.  5)  and  a  maximum  value  of  approxi¬ 
mately  twice  the  free  space  value  at  550  sec.  At  r  =  5^  the 
free  space  value  Is  attained  at  T  510  sec.  and  the  maximum 
at  T  ^  1500  sec.  In  general^  for  r  >  H  surpasses  the 

free  space  value  at  various  frequencies  dependent  upon  r  and 
then  attains  a  maximum  value.  It  decreases  again  towards 
the  free  space  value  as  a  limit.  As  mentioned  earlier ^  this 
confused  state  Is  possibly  due  to  wave  Interference.  However, 
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It  Is  not  clear  why  this  phenomenon  manifests  Itself  only  be¬ 
yond  r  =  V2  for  the  earth  model  we  use  In  this  study. 

(B)  Horizontal  magnetic  dipole  fields; 

The  surface  components  of  the  horizontal  magnetic 
dipole  fields  are  a  great  deal  more  complicated  than  those 
of  the  vertical  magnetic  dipole  In  two  aspects;  (l)  the 
former  are  angularly  dependent  while  the  latter  are  not^ 

(ll)  the  com.ponents  of  the  electric  vector  and  the  magnetic 
vector  of  the  vertical  dipole  are  orthogonal  on  the  surface 
of  the  earth  while  those  of  the  horizontal  dipole  are  not. 
These  depend  on  r^  cp  and  T  as  shown  In  Figure  15-  For  a  hori¬ 
zontal  dipole^  at  r  =  0^  the  field  cannot  be  computed  directly 
from  the  equations  summarized  at  the  end  of  Chapter  II.  They 
are  given  In  Appendix  II. 

All  com.puted  field  com.ponents  at  cp  =  0^  'm/6j  'fr/3j 
7r/2  and  r  =  0^  .2,  3^  5  sltQ  given  In  Appendix  X.  All  discon¬ 

tinuities  at  long  periods  are  due  to  sign  reversal  of  the 
field  components.  At  r  =  3  and  3,  the  signs  of  the  E  re- 

t/ 

verse  at  a  som.ewhat  longer  period  than  do  those  of  H  .  They 

will  be  further  discussed  later.  A  disturbing  fact  in  Figure 

10  Is  a  double  sign  reversal  In  E  at  r  =  .2.  Since  E  Is 

X  y 

approximately  4o  times  as  large  as  E  the  reversed  sign  (from 
+  ve  to  -  ve)  would  cause  very  slight  angular  displacement 
of  the  horizontal  |  H  |  In  space.  Nevertheless  It  is  a  baffling 
phenomenon  that  Is  not  understood. 

Figure  10  shows  the  H  components  approaching  the 
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free  space  values  In  different  manners  at  different  r.  One 
obvious  result  Is  that  the  smaller  the  r  the  smaller  is  the 
period  at  which  the  earth  starts  losing  Its  Influence  on  the 
field  strength.  This  Is  also  true  with  all  the  other  magne¬ 
tic  components. 

Figures  11  to  l4  are  plots  of  the  total  horizontal 
field  strengths  against  r  on  the  surface  of  the  earth. 

Figure  11  shows  the  space  variation  of  the  horizon¬ 
tal  I  H  I  on  the  earth's  surface.  Since  the  values  are  com¬ 
puted  only  at  r  =  Oj  .2,  3  and  5^  variations  between  r  =  .2 
and  3  as  shown  In  Figure  12  are  smoothly  Interpolated  and 
may  not  be  accurate.  Figure  12  shows  the  free  space  horizon¬ 
tal  I  H  I  corresponding  to  those  In  Figure  11  at  T  =  lo'^  sec. 
Between  r  =  0  and  1.4,  the  horizontal  |  H  |  decreases  with  the 
angle  cp  (this  Is  also  true  with  the  earth  present  as  can  be 
checked  at  r  =  0.2).  In  fact  at  cp  =  0  the  horizontal  H  va¬ 
nishes  at  r  —  0.7  In  free  space.  As  cp  Increases,  the  hori¬ 
zontal  I  H  I  increases.  The  minimum  gradually  disappears  as  cp 
Increases  towards  6o° .  Appendix  III  shows  that  this  mini¬ 
mum  should  entirely  disappear  at  cp  =  54*^20'.  Physically, 
these  minima  appear  wherever  H  =0.  It  Is  shown  in  Appendix 

iK 

III  that  these  space  points,  where  H  =  0,  form  a  hjrperbola 
symmetrical  about  the  origin  with  the  x-axls  as  Its  axis  and 
the  lines  cp  =  l54°20'  as  Its  asymptotes . 

Figure  13  shows  Figure  11  superimposed  upon  Figure 
12.  It  should  be  noted  that  at  long  periods  the  total  fields 
are  almost  Identical  with  the  free  space  field  as  expected 
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Figure  12.  Space  variation  of  Free  space  |  H  |  of  a  H.M.D. 

at  z  =  0 
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Figure  13.  Superposition  of  Pig.  11  on  Fig.  12. 
Dots  represent  the  lower  curves  in  Pig.  11. 
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Figure  l4.  Space  variation  of  horizontal  |  E  |  at  z  =  0 
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while  those  at  T  =  100  sec.  have  considerably  larger  values. 


Figure  l4  shows  the  space  variation  of  the  horl- 


1  .  4 

zontal  I  E  I  at  two  periods^  100  sec.  and  10  sec.,  superlm- 

4 

posed  on  which  Is  the  free  space  field  at  T  =  10  sec.  that 


is  Independent  of  cp .  Obviously  there  is  no  correlation 
between  the  free  space  field  and  the  total  field  whatsoever. 
However  an  explanation  can  be  obtained  from  the  following 
consideration : 


As  shown  In  case  2,  section  2.2,  we  have 


E  —  icDd^  —  n  , 

X  ^0  oy  z 


where  n  Is  responsible  for  the  primary  field  and  part  of  the 

X 

secondary  field  Induced  in  the  earth,  and  Is  entirely  In¬ 
duced.  Upon  differentiation  one  finds 

4-  n  —  0  . 

dz  X 

In  other  words,  the  horizontal  component  of  the  primary  E  is 
almost  entirely  cancelled  out  by  the  Induced  field.  Conse¬ 
quently  the  remaining  horizontal  component  of  the  electric 
vector  has  only  the  Induced  portion  left  which  should  have 
little  if  any  resemblance  to  the  primary  field. 


As  mentioned  earlier,  the  E  and  H  components  upon 


the  surface  of  the  earth  are  not  necessarily  orthogonal.  In 
fact,  the  angle  between  these  two  components  is  a  function 
of  space  and  the  period  T.  Figure  15  shows  the  direction  of 
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Figure  15 .  The  horizontal  E  and.  H  of  an  elevated  horizontal 

magnetic  dipole  in  the  z  =  0  plane  for  T  =  100 
4 

sec.  and  10  sec.  Arrows  indicate  directions  only. 
(Magnitudes  are  given  in  Appendix  XI.) 
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26  pairs  of  such  components.  The  solid  lines  are  for  T  =  100 

4 

sec,  and  the  dashed  lines  for  T  =  10  sec.  It  is  very  inter¬ 
esting  to  note  that  for  T  =  100  sec.  all  E  and  H  components 

on  the  surface  of  the  earth  are  nearly  perpendicular  while 
4 

for  T  =  10  sec.  the  angles  they  form  are  quite  sharp  at 

large  distances.  One  plausible  explanation  for  the  sharp 

4 

angles  is  that  at  T  =  10  sec.  the  earth  has  very  little 
effect  on  the  waves  in  spite  of  its  fairly  high  conductivity, 
while  the  100  sec.  waves  "see"  the  earth  as  a  fairly  good 
conductor  with  a  conductivity  of  the  top  layer.  If  the 
earth  were  a  highly  conductive  medium,  waves  of  any  angle 
of  incidence  would  be  transmitted  perpendicularly  downward. 
Consequently  the  E  and  H  would  be  orthogonal  on  the  surface 
of  the  earth.  This  may  explain  why  at  small  periods  E  and 
H  are  almost  orthogonal  on  the  surface  of  the  earth.  At 
small  r,  waves  of  any  frequency  have  small  angles  of  inci¬ 
dence  .  Therefore  their  E  and  H  should  be  nearly  orthogonal 
regardless  of  their  period  as  shown  in  Figure  15. 

Figures  l6a  and  l6b  are  plots  of  the  angles  between 
E  and  H  on  the  earth's  surface  at  (3^30^)  and  (5^30°).  They 
show  that  E  and  H  are  nearly  orthogonal  up  to  T  ^  1000  sec. 
for  r  =  3  and  up  to  T  rv,  2003  sec.  for  r  =  5-  Mathematically 
this  sudden  change  is  due  to  the  reversal  of  sign  of  E.^  from 
negative  to  positive.  (This  is  obviously  shown  in  Fig.  15j. 
at  cp  =  0.)  That  E^  has  a  positive  sign  means  that  the  pri¬ 
mary  field  dominates  the  secondary  field  in  the  y  component 
of  E.  As  T  Increases  beyond  this  critical  period,  the  earth 
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Figure 


_ iv  —V 

l6a.  Angles  between  the  horizontal  E  and  H  on  the  earth 
surface  of  a  H.M.D,  r  =  3^  9  =  30*^ 
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Figure  l6b .  Angles  between  the  horizontal  E  and  H  on  the  earth 
surface  of  a  H.M.D.  r  =  9  =  30*^ 
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loses  Its  Influence  rapidly.  As  shown  In  Figure  l6  this 
Interesting  change  occurs  within  the  range  of  T  1000  to 
5000  sec. 

(C)  Vertical  electric  dipole  fields 

The  fields  of  the  vertical  electric  dipole  are  plot¬ 
ted  In  Figures  17,  I8  and  I9 .  By  equations  (2-152^  2-153) 
both  and  are  approximately  twice  the  free  space  values 

as  expected.  E  as  shown  In  Figure  17  Is  entirely  Indepen- 

z 

dent  of  frequency.  However^  this  Is  Just  an  approximation 
valid  for  only  the  frequency  range  In  this  study  because  the 
second  term  In  (2-152)  which  Is  dependent  on  the  frequency 
has  been  neglected.  As  pointed  out  on  page  64^  this  term 
Is  Important  In  comparison  with  the  first  In  the  kilocycle 
and  higher  ranges. 

The  space  variation  of  E  should  have  the  charac- 

z 

terlstlc  shape  of  the  In  the  case  of  the  vertical  magnetic 

dipole  as  shown  In  Figure  8.  E  also  has  a  discontinuity 

z 

In  the  log-log  plot  as  commented  on  page; 104 .  This  disconti¬ 
nuity  also  occurs  at  r  /2.  The  second  term  In  (2-152)^ 

If  Included^  would  shift  the  discontinuity  a  little  to  the 
right  In  Figure  8.  This  shift  becomes  more  appreciable  as 
the  frequency  Increases. 

E  as  shown  In  Figure  19  Is  many  orders  of  magnl- 
P 

tude  smaller  than  E  .  This  Is  the  obvious  effect  of  the  pre- 

z 

sence  of  a  conducting  earth.  As  we  have  seen^  E  has  been 

z 

doubled  due  to  the  conductive  medium.  On  the  contrary^  the 
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Flcures  17^  18^  19.  E  and  H  of  a  V.E.D. 


Il6 


primary  is  almost  cancelled  out  by  the  Induced  field.  This 
Is  clear  from  equation  (2-13^). 


By  equation  (2-153)  of  a  vertical  electric  dipole 
Is  approximately  twice  the  free  space  value . 


(D)  Horizontal  Electric  Dipole  Plelds:- 

As  in  the  case  of  the  horizontal  magnetic  dipole, 
the  field  strength  at  r  =  0  cannot  be  computed  directly  from 
the  expressions  given  In  Chapter  II,  but  they  are  given  in 
Appendix  II. 


Figure  2;o  shows  the  plots  of  x,  y  and  z  components 
of  the  electric  field  at  cp  =  30°.  Is  Independent  of  fre¬ 

quency  and  twice  the  value  of  the  free  space  field  within 
the  frequency  range  under  consideration.  E  components  ap- 
pear  as  straight  lines  because  they  are  inversely  proportional 
to  Vt.  The  E  components  reverse  sign  at  frequencies  depen- 

X 

dent  upon  r. 


It  Is  worth  noting  that  at  small  r,  E  Is  about 

X 

2  order  of  magnitude  larger  than  E  ;  in  other  words,  the  ho- 

(F 


rlzontal  electric  vector  is  almost  In  the  x  direction 


As 


r  increases,  E^  and  E^  approach  each  other  and,  at  r  =  5j. 

E  is  nearly  equal  to  E  at  the  short  period  end. 

^  y 

Figure  21  are  plots  of  the  surface  magnetic  compo¬ 
nents.  At  the  short  period  end  H  is  the  dominant  component 

y 

and  is  equal  to  twice  Its  free  space  value.  The  other  two 
components  gain  significance  at  long  periods.  At  T  >  1000 


sec.,  for  r  =  3  and  5,  I  |  decreases  steeply  and  a  sign  re- 
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Figure  20.  Electric  fields  of  a  horizontal  electric  dipole 
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Magnetic  fields  of  a  H.E.D.  at  z  =  0^  cp  =  30° 


Figure  21. 
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versal  could  be  expected  at  still  longer  periods.  In  fact  a 
sign  reversal  does  occur  for  II,  at  T  =  5000  sec.^  n=  3^  and 
at  T  =  10  sec.,,  r  =  5^  and  cp  =  90°.  (See  table  in  Appendix 
X)  By  comparing  the  values  for  H  at  cp  =  90°  in  the  table 

tV" 

one  also  finds  that  at  r  =  .2,  H  is  negative  as  is  the  free 

ly 

space  field  at  all  frequencies.  However^  at  r  =  3  and  5,, 
is  positive  at  short  periods  and  changes  sign  at  long  periods. 
Obviously  at  a  particular  period  H  vanishes  at  some  r  which 

y 

depends  upon  cp .  Since  this  phenomenon  does  not  occur  in  free 
space,  detailed  study  of  this  aspect  of  the  problem  can  be 
achieved  only  when  more  values  for  H  as  functions  of  r  are 

y 

available . 

Figure  22  shows  how  H  may  vanish  and  reverse  sign 

y 

at  different  r  and  T.  The  solid  lines  represent  Interpolated 
values  between  computed  points  and  the  dashed  lines  just  in¬ 
dicate  the  possible  progression  of  the  discontinuity  in  T  and 

r.  H  possesses  the  same  sign  as  the  free  space  value  between 

4 

r  =  0  and  r  =  5  at  T  =  10  sec.,  but  reverses  sign  between 
r  =  0  and  3  for  shorter  periods.  This  illustrates  that  the 
influence  of  the  earth  is  far  more  reaching  at  short  periods 
than  at  long  periods.  Exactly  the  same  effect  has  been  ob¬ 
served  on  E  of  a  horizontal  magnetic  dipole. 

y 

The  fields  of  a  horizontal  static  dipole  above  a 
good  conductor  (corresponding  to  T  ->  oo)  is  very  simple,  l.e. 
only  E  is  twice  the  free  space  field,  and  all  other  electric 
components  are  zero.  This  limiting  value  of  the  field  can 
be  obtained  from  the  equations  in  Chapter  II  by  letting  T  oo. 
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I  II  I  of  a  H.E.D.  in  free  space  and  i.n  presence  ol'  the 
^  earth  at  z  -  0,  cp  =  90*^ 


Figure  22. 
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4 . 2  Study  of  Apparent  Resistivities  of  the  Earth  In  Connection 

with  Magneto telluric  Theories 


(A)  Characteristics  of  the  Resistivity  Curves 

Two  of  the  three  objectives  suggested  for  this  thesis 
In  Chapter  I  have  been  attained.  Now  with  the  computed  re¬ 
sults  available  we  are  going  to  Investigate  various  magneto- 
telluric  theories  proposed  by  various  authors  which  are  briefly 
outlined  In  Chapter  I.  It  Is  more  appropriate,  however,  to 
start  this  section  by  defining  the  term  "apparent  resistivity" 
which  Is  freely  used  In  this  thesis. 

Let  the  apparent  resistivity  be  p^,  then 


( ohm-m) 


(4-1) 


where  T  In  sec.  Is  the  period  of  the  electromagnetic  field 
whose  orthogonal  electric  and  magnetic  components  (in  the  ho¬ 
rizontal  plane)  are  designated  by  E and  H|  In  M.K.S.  units. 
Therefore  p  Is  a  variable  dependent  upon  the  frequency  and 
the  nature  of  the  wave  whose  E  and  H  components  are  used.  In 
contrast  to  the  actual  resistivities  of  a  medium  which,  to 
a  first  degree  approximation.  Is  Invariant  at  low  frequencies. 
It  should  be  noted  that  p  can  be  uniquely  defined  only  when 
the  electric  vector  Is  perpendicular  to  the  magnetic  vector 
In  the  plane  on  which  field  strengths  are  computed.  There¬ 
fore,  for  the  horizontal  dipoles  under  consideration,  only 
the  apparent  resistivities  at  cp  =  0*^  and  90°  will  be  fully 
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discussed.  However;,  thus  computed  for  cp  =  30*^  and  60*^  to¬ 
gether  with  those  at  cp  =  0,  90°  are  given  in  Appendix  XII. 

Equation  (4-1)  has  also  been  used  to  compute  appa¬ 
rent  resistivity  curves  (Figure  23)  for  Price's  theory.  The 
E/H  ratio  for  a  2-layered  earth  has  been  computed  from  the 
following  equations  (Price  I962) : 


E 

H 


,1 


0  +  V  +  (0  -  v)e~^^^ 

0^0+v  -  (0  -  v)e"^^^} 


(4-2) 


2  2 

where  0  =  v  +  47ricjDaj  o  being  the  conductivity  of  the  top 

layer  and  v  a  separation  constant  that  assumes  various  values 
corresponding  to  sources  of  different  dimensions.  However, 
it  should  be  noted  that  (4-2)  is  in  e.m.u.  and  is  for  a  2- 
layered  model  with  an  infinitely  resistive  substratum. 

Two  Cagniard  curves  have  been  computed  for  =  .2 
(mho-m”^),  =  .002  (mho-m"^)  and  =  0,  (Figure  23).  The 

second  curve  is  identical  to  Price's  curve  for  v  ->  0,  an  in¬ 
finitesimal  V  corresponding  to  a  source  of  infinitely  large 
dimensions,  thereby  radiating  plane  electromagnetic  waves  when 
observed  at  finite  distances  as  assumed  by  Cagniard  (1953). 

It  is  noted  that  with  fixed,  decreasing  p^  re¬ 
sults  in  decreasing  Cagniard 's  apparent  resistivities.  If 
P2  is  reduced  to  500  0-m  from  an  infinitely  large  value. 
Price's  curve  may  also  drop  a  little,  though  no  careful  quan¬ 
titative  analysis  has  been  attempted.  This  will  be  discussed 
further  in  connection  with  the  apparent  resistivity  curves 
computed  from  dipole  fields.  The  most  striking  difference 


Cagnlapd  '  s 
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between  Cn{2;niard*s  and  Price's  curves  is  that  as  the  period 
Increases,  Cagniard's  curves  approach  the  resistivity  of  the 
substratum  as  a  limit,  while  Price's  curves  descend  steeply. 
This  steep  descent  is  of  great  significance  and  can  best  be 
discussed  with  the  dipole  cases. 

Figure  2h  shows  plots  of  the  apparent  resistivities 
computed  from  the  vertical  magnetic  dipole  fields.  Super¬ 
imposed  upon  them  are  Cagnlard's  curves  and  a  few  of  Price's 
curves.  All  curves  are  identical  up  to  T  ^  7  sec.  At 
T  ^  2.5  sec.,  the  apparent  resistivities  for  all  cases  are 
equal  to  the  resistivity  of  the  top  layer.  This  is  a  well- 
known  fact  for  Cagnlard's  theory  and  not  at  all  surprising  for 
the  dipole  fields  either,  because  at  T  -o  2.5  sec,  the  skin 
depth.,  is '.about  1 .1  km:,  while  the  upper  layer,  is  4  km,  thick. 
All  those  waves  "see"  a  virtually  homogeneous  earth  with  the 
conductivity  of  the  upper  layer.  p  with  the  vertical  magne- 
tic  dipole  attains  maxima  at  various  periods  which  depend 
upon  r:  T  =  200  sec.,  r  =  .2;  T  =  2000  sec.,  r  =  3; 

T  =  6000  sec.,  r  =  5.  As  T  Increases  beyond  the  maximum  all 
p  decrease. 

It  is  of  great  Interest  to  note  that  in  Figure  6 
at  r  =:  0.2, . is  about  half  of  the  free  space  value  at 
T  =  100  sec.,  but  nearly  equal  to  it  at  T  =  1000  sec.  At 
1000  sec.,  is  approximately  3/4  of  the  free  space  value 
at  r  =  3  and  only  1/3  at  r  =  5>  tat  at  10^  sec.  E^  is  very 
close  to  the  free  space  value  at  both  r.  All  these  strongly 
indicate  one  fact.  That  is  that  all  the  maxima  of  p  in 


o 

o 
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Figure  24.  Apparent  resistivity  curves  for  a  V.M. 
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Figure  2>\-  occur  at  the  periods  when  the  conductivity  of  the 
earth  starts  losing  Its  Influence  on  the  Incident  waves.  As 
T  Increases  should  approach  zero.  This  Is  expected  for 
the  magnetic  dipoles^  because  as  T  oo^  the  magnetic  dipole 
becomes  a  static  dipole  or  a  permanent  magnet  which  has  no 
electric  field.  Consequently  E/H  should  be  zero. 

The  whole  argument  Is  strongly  supported  by  the 
computed  from  the  horizontal  magnetic  dipole  which  will  be 
discussed  very  shortly. 

Figure  24  Indicates  that  at  T  >  20  sec.  attempts 
to  approximate  the  vertical  magnetic  dipole  field  by  plane 
wave  field  In  computing  p^  will  be  futile. 

Figure  25a,  b  are  plots  of  p  computed  from  the 
fields  of  a  horizontal  magnetic  dipole  at  r  =  0^  .2,  3  and  5 
along  the  x  and  y  axes  (cp  =  0^  90°)  .  As  pointed  out  before^ 

E  and  H  vectors  on  the  earth's  surface  are  not  In  general  or¬ 
thogonal  off  the  axes.  p^  computed  In  these  regions  will  be 
given  a  special  description. 

It  was  pointed  out  earlier  that  the  maxima  signify 
the  periods  at  which  the  earth  starts  losing  Its  influence  on 
the  waves.  This  argument  Is  also  strongly  supported  by  Fig¬ 
ures  25  a  and  b. 

Figure  25  shows  that  the  maxima  occur  at  T  ^  350 
sec.  for  r  =  0  and  0.2^  T  700  sec.  for  r  =  3  and  T  ^  15OO 
sec.  for  r  =  5.0.  If  we  study  Figure  10  we  find  that  these 
periods  are  very  close  to  where  E  start  decreasing  rapidly 

y 

and  where  H  approach  the  free  space  values  which  are  the 
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Figure  25a.  Apparent  resistivity  curves  for  a  H.M.D. 

at  cp  =  0 


Log  T 


Figure  25b.  Apparent  resistivity  curves  for  a  H.M.D. 

at  cp  =  90*^ 
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values  the  magnetic  components  attain  at  T  ^  10  sec.  How¬ 
ever,  it  should  be  noted  that  Figure  10  Is  for  cp  =  30°  though 
these  field  strengths  are  very  close  to  those  for  cp  =  0.  This 
can  be  checked  with  the  tables  In  Appendix  X,  If  the  same 
comparison  Is  made  between  Figure  25b  and  Figure  10  with  the 
help  of  Appendix  X,  one  will  find  that  the  above  argument 
also  holds. 

One  obvious  difference  between  Figure  25a  and  b  Is 
that  computed  along  the  x-axls  drops  much  more  steeply 
than  that  computed  along  the  y-axls.  This  is  because  de¬ 
creases  much  more  rapidly  at  the  x-axis  than  at  the  y-axls 
as  T  increases. 

Cagniard’s  curve  Is  not  a  good  approximation  for 
T  >  100  sec.  at  large  r.  At  r  =  0  and  0.2,  the  for  the  dipole 
starts  deviating  from  Cagnlard’s  values  at  T  =  7  sec.  Note 
that  the  deviation  at  T  ^  10  sec.  Is  also  present  in  Price's 
curves . 

Figure  2'6  shows  the  p^  computed  from  E^/H^  and 
Ey/H^  at  cp  =  30°  and  60° .  It  is  interesting  to  note  that 
E^/Hy  Is  entirely  Independent  of  angular  distances  from  the 
x-axls,  even  though  E^  =  0  at  cp  =  0  and  90°.  Since  at  30° 
and  6o°,  E  and  H  are  not  orthogonal  at  large  periods,  p  Is 
not  defined. 

Figure  27  shows  p  computed  for  a  vertical  electric 
dipole.  Obviously  these  ever  Increasing  p^  with  increasing 
period  have  no  resemblance  at  all  to  those  discussed  previously 
except  In  the  short  period  range.  This  result  Is  somehow 
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Figure  26.  Apparent  reslstivty  curves  for  a  H.M.D, 
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Figure  27 


Apparent  i-esistivlty  curves  for  a  V.E.D. 
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expected  of  an  electric  dipole.  In  fact  the  manner  in  which 
the  resistivity  curve  changes  as  T  Increases  depends  on  the 
comparative  rate  of  change  of  the  horizontal  electric  and 
magnetic  fields.  In  this  case  E/H  is  almost  a  constant  at 
long  periods  (Appendix  XII,  V.E.D.) 

Figure  28  shows  a  plot  of  for  the  horizontal  di¬ 
pole.  Again  this  Is  entirely  different  from  all  the  cases 
discussed  previously.  This  amazing  difference  between  the 
vertical  and  horizontal  electric  dipoles  needs  a  close 
examination . 

Since  physically  the  horizontal  electric  fields  of 
both  a  vertical  and  a  horizontal  electric  dipole  tend  to 
cancel  out  on  the  surface  of  a  conductor,  the  striking  dif¬ 
ference  between  the  p  computed  In  each  case  must  be  mainly 
due  to  the  rate  of  cancellation  as  T  increases.  A  close  exa¬ 
mination  of  the  original  equations  given  in  Chapter  II  shows 
this  Is  Indeed  the  case.  For  the  vertical  electric  dipole 

both  E  and  vary  as  cd  and  for  the  horizontal  electric  dl- 
P  ' 

2 

pole  E^  and  E^  vary  as  o)  ,  while  H^,  vary  as  go.  Therefore 

E  and  E  of  the  horizontal  dipole  sources  decrease  much  more 
X  y  ^ 

rapidly  as  T  Increases  than  do  all  other  components. 


(B)  Significance  of  v  in  Price's  Formulation : - 

Price  In  his  paper  (1962)  had  clearly  pointed  out 
that  V,  the  separation  constant  In  the  wave  equation,  is  the 
wave  number.  He  further  proposed  27r/v  as  a  measure  of  the 
linear  dimension  of  the  radiating  source,  and  concluded  that 
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Piguro  28.  Apparent  resistivity  curves  for  a  H.E.D. 
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for  magnetotellurlc  work  the  values  of  v  of  Interest  would 
range  from  1.57  x  10~^  cm"^  to  1.57  x  10”^  cm"^. 

Price’s  concept  of  v  is  generally  confirmed  In  Fig¬ 
ures  ;l4  and  25-  Whatever  estimates  appear  below  are  only 
rough  approximations.  As  pointed  out  earlier^  Price's  curves 
have  been  computed  from  a  slightly  different  geological  for¬ 
mation^  i.e.  *^2  ~  ^  •  It  Is  expected  that  Price’s 

curves  would  decrease  towards  Cagniard’s  second  curve  If  the 
same  were  used. 

Figures  '2.4  and  25a.,  b  show  the  approximate  values 


of  V  corresponding 

to 

for  each  r.  In 

Figures  24 

and  25 

we  have  the  following  correspondence: 

r 

V  (cm"^) 

h  ( cm) 

1/h 

V.M.D., 

0.2 

4.5  X  10"^ 

h- ' 

0 

.2 

3.0 

.35  X  10"^ 

0 

1 — 1 

2.9 

5.0 

.12  X  10"^ 

10^ 

8.3 

H.M.D.  cp  =  0° 

0.2 

i>- 

1 

0 

I — I 

X 

CO 

i>- 

0 

1 — 1 

.3 

3.0 

.9  X  10“'^ 

10^ 

1.1 

5.0 

.5  X  10"^ 

0 

1 — 1 

2.0 

H.M.D.  cp  =  90° 

0.2 

3  X  10"^ 

0 

1 — 1 

.3 

3.0 

.4  X  10“^ 

10^ 

2.5 

5.0 

.3  X  10"^ 

0 

1 — [ 

3.3 

The  situation  Is  much  too  complicated  to  attempt  a  meaningful 
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correl  "tlon  between  v  and  r.  However,  this  simple  correlation 
Is  quite  consistent  with  Price's  conceptlng  of  v,  since  either 
Increasing  r  or  decreasing  v  will  give  rise  to  plane  wave  ap¬ 
proximation  . 


(C)  Comparison  with  Walt's  Formulation: - 

Walt  has  formulated  the  surface  Intrinsic  Impedance 
for  a  line  current  and  a  vertical  electric  dipole  (1953^  1962) 
over  a  stratified  conductor  by  analogy  to  plane  waves  at  com¬ 
plex  angles  of  Incidence.  Extensive  computation  for  a  related 
parameter  Q  In  the  following  expression  has  been  done  for  va¬ 
rious  values  of  p  (Jackson  et  al,  I962) : 


E. 

^1  "  "  h: 


X 


y 


IPqO 


1/2 


Q 


z=0 


(1  -  ip) 


172 


where 


Q  = 


Ui  +  u^  tanh  u^h 
u^  +  u^  tanh  u^h 


P  = 


A 


*^1^0^ 


/ ,  2  .  ^  1  /2 

u..  =  ( A  +  la 
J  Jo 


Since  Walt  uses  Instead  of 

p.  In  the  formulation  In  this  thesis. 

J 

Walt  has  Identified  (lA)  with 


Uj  Is  equivalent  to 


(k  slnd),  k  being  the 


propagation  constant  In  the  air  and  0  being  the  complex  angle 
of  Incidence.  A  =  0  (or  more  explicitly  0  =  O)  corresponds 
to  a  normally  Incident  plane  wave  as  assumed  by  Cagnlard. 
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If  A  is  othor  tlian  zero^  0  Is  complex  and  corresponds  to  non¬ 
plane  waves  arising  from  real  sources. 

In  fact  Price’s  formulation  is  Just  another  approach 
to  Walt's.  In  order  to  compare  Walt’s  result  with  the  dipole 
results j  one  can  either  use  the  E/H  ratio  given  In  Appendix 
XII  to  compute  a  quantity  equivalent  to  Q,  from  the  equation 
for  or  use  z^  to  compute  the  apparent  resistivity  curves. 

A  preliminary  study  shows  that  for  a  very  small  value  of  A^ 
the  equivalent  Q  computed  from  the  dipole  results  is  equiva¬ 
lent  to  Wait’s  at  short  periods^  but  departs  from  It  consi¬ 
derably  at  long  periods.  It  Is  worth  pointing  out  that  the 
parameter  A  has  the  same  significance  as  v  discussed  In  the 
previous  sub-section. 

Wait  concluded  that  one  should  be  very  careful  In 
the  interpretation  of  experimental  data  on  the  surface  Impe¬ 
dance  when  the  source  field  Is  not  known.  A  similar  conclu¬ 
sion  Is  reached  In  this  study. 


V.  CONCLUSION  AND  SUGGESTION  FOR  FURTHER  WORK 


The  foregoing  study  can  be  categorized  into  three 
interrelated  sections^  namely  the  mathematical  treatment  of 
the  dipole  problems^  computation  of  dipole  fields  on  the  sur¬ 
face  of  the  earthj  and  finally  the  study  of  magnetotelluric 
theories  in  the  light  of  these  computations. 

Since  the  exact  solutions  have  been  obtained  for 
all  four  proposed  problems^  little  Is  left  to  be  said  about 
them^  unless  one  attem.pts  an  analytic  solution  for  the  com¬ 
plex  Integral. 

On  the  other  hand  the  computation  of  the  fields  is 
far  from  complete.  The  most  obvious  gap  is  In  the  spatial 
variation  of  the  various  components  of  these  fields.  As 
shown  In  the  numerous  graphs  presented^  frequently  there  Is 
a  discontinuity  in  a  log-log  plot  for  various  reasons.  It 
would  be  very  Interesting  to  see  how  the  fields  behave  near 
the  discontinuity.  It  would  also  be  of  great  Interest  to 
complete  the  pictures  of  near  fields^  within  sayq  r  =  5-0^  to 
see  how  the  Influence  of  the  earth  breaks  down  at  various  fre¬ 
quencies  and  distances. 

Since  the  study  In  this  thesis  has  been  limited  to 
only  one  geological  configuration^  nothing  conclusive  can 
yet  be  said  about  other  earth  models  than  the  one  just  studied. 
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In  particular  in  connection  with  the  apparent  resistivity 
curves.  Therefore  it  would  Indeed  be  very  desirable  to  study 
more  models  of  some  different  resistivity  combinations  in 
order  to  complete  a  general  picture  for  a  2-layered  earth. 

The  study  of  the  magnetotelluric  theories  has  been 
concentrated  on  the  comparison  of  the  apparent  resistivity 
curves .  It  must  be  pointed  out  here  that  the  study  of  phase 
differences  versus  the  periods  of  the  E  and  H  components  has 
not  been  carried  out  in  this  thesis^  though  the  essentials 
for  such  a  study  are  provided.  In  fact^  the  phase  angles 
for  the  surface  E  and  H  components  for  the  horizontal  dipoles 
are  given  in  Appendix  XI.  A  survey  study  of  these  results 
Indicate  that  for  most  of  the  cases,  both  the  horizontal  E 
and  H  components  on  the  surface  of  the  earth  are  nearly  linearly 
polarized.  (i.e.,  the  phase  differences  are  very  small.) 

However  only  more  detailed  studies  can  warrant  a  more  definite 
conclusion . 

Though  interesting  results  have  been  obtained  cor¬ 
responding  to  Price’s  formulation  little  has  been  said  about 
the  source  effects  in  connection  with  observation  data.  The 
thesis  will  conclude  with  a  supplementary  discussion  in  this 
respect . 

First  we  shall  have  a  look  at  the  observational  re¬ 
sults  obtained  by  the  geophysics  group  of  the  University  of 
Alberta.  Up  to  the  present,  no  large  amount  of  data  has  been 
processed  to  confirm  the  validity  of  Cagnlard's  theory  at  the 
long  period  end  or  otherwise.  However  there  are  some  indlca- 
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tlons  that  this  theory  may  not  be  adequate  to  explain  the  long 
period  phenomena  as  pointed  out  by  Hasegawa  In  his  thesis  (1962). 
The  large  scatter  observed  also  seems  to  require  more  complex 
sources . 

Wiese  (1962)  has  published  some  observation  results 
In  the  form  of  apparent  resistivity  versus  period.  The  shape 
of  Wiese's  curves  does  not  suggest  that  they  can  be  easily 
fitted  by  Cagnlard's  two  or  three  layered  curves.  Wiese's 
curves  are  characterized  by  fairly  large  curvatures  that  Cag- 
nlard ' s  curves  do  not  have^  and  by  large  scatter.  At  long 
periods,,  all  Wiese's  curves  decrease  with  period.  At  these 
periods  the  wavelengths  are  enormous  and  the  plane  wave  ap¬ 
proximation  can  hardly  be  expected  to  hold.  All  Wiese's  re¬ 
sults  In  this  paper  seem  to  Indicate  that  Cagnlard ' s  assump¬ 
tion  of  plane  Incident  waves  needs  modification.  In  particu¬ 
lar  at  the  long  period  end.  In  both  sets  of  observations, 
scatter  appears  to  be  larger  than  one  would  predict  on  the 
basis  of  geological  complexity  and  Instrument  error. 

Bomke  (1962)  reported  that  In  his  observation  there 
was  strong  Indication  that,  for  mlcropulsatlons  In  the  1  cps 
range,  the  ratio  of  E/H  was  approximately  10-^  ohm  and  In  the 
.1  -  .01  cps  range,  E/H  Is  of  the  order  of  10  ohms.  (Note 
his  ratios  are  horizontal  E/vertlcal  H.)  He  further  sugges¬ 
ted  that  high  E/H  ratio  Is  due  to  electric  dipoles  and  low 
E/H  ratio  Is  due  to  magnetic  dipoles.  As  shown  In  this  study 
of  the  dipole  fields,  similar  results  are  also  obtained  for 
our  apparent  resistivity  curves.  However,  we  can  further  dlf- 
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forontlato  the  vertical  or  horizontal  electric  dipoles  because 
Is  large  for  the  horizontal  dipole  at  short  T,  and  small 
at  long  T,  and  vice  versa  for  the  vortical  dipole.  In  any 
case^  a  single  dipole  Is  an  oversimplified  source^  but  so  is 
a  huge  source  that  emits  uniform  plane  waves  as  assumed  by 
Cagnlard.  More  observations  of  micropulsations,  preferably 
fixed  in  space  upon  a  known  geological  structure,  and  more 
rigorous  study  of  their  properties  are  required  to  further 
understand  these  long  period  electromagnetic  variations. 
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A1 


APPENDIX  I 


1.  Electric  Hertz  vector  In  a  charge  free  medium  whose  e 
and  a  are  not  negligible 

M.K.S.  and  e  are  used. 


Maxwell's  equations: 


V  X  e'  =  -  B 

(i-i) 

V  X  H  =  (s  +  if)E 

(1-3) 

<3 

11 

O 

(1-2) 

V  •  B  =  0 

(1-4) 

By  (1-4) ,  'b  =  V  X  A 

(1-5) 

A  being  an  arbitrary  vector^  known  as  the  electric 
vector  potential. 

By  (1-5)  and  (l-l) 


V  X 

(E  +  a)  =  0 

9  V 

(1-6) 

Let 

'e  -h 

A  =  - 

(1-7) 

or 

"e  = 

-  Vcp  -  A 

being  an  arbitrary  scalar  function;,  or  the  scalar 

potential . 

We  now  introduce  the  electric  Hertz  vector  such 


that 


A 


By  (1-7,  1-8) 


E  =  -V<l>  -  n(e  +  If^ 


Now  define  0  by 

0  =  -  dlv  n 


then  E  =  grad  dlv  n  -  u.  ( €  +  ~)  n 

e  OD  '  e 


(I-IO) 


Substituting  (1-9)  and  (I-IO)  Into  (1-3) 


V  X  V  X  n  =  -I  grad  dlv  II  -  ^l(g  +  ~)  n 
e  I  °  e  ^  CD  '  e 


or 


(V  •  V)  +  Ib'^'^)  ^0  =  0 


(l-ll) 


Define  the  complex  permltlvlty 


and 

then 


1  2  2  - 
k  =  CD  |j,G 


Eg  +  bg  =  0 


H  -  IcdgV  X  n 


E  =  +  grad  dlv 


(1-12) 

(1-13) 

(1-14) 


2.  Magnetic  Hertz  vector  In  a  charge  free  medium  whose  e 
and  a  are  not  negligible. 

By  (1-2) 

r  =  -  V  X  A'  (1-15) 

_ 

A'  being  an  arbitrary  magnetic  vector  potential. 


IV 


By  (1-15)  and  (1-3) 


V  .X  H  =  -  (1  +  — )v  X  A 


or 


Let 


V  H  +  (1  +  |^)A' 


0 


(i-i6) 


H  +  (1  +  ~)A' 


- 


H  =  -  -  (1  +  — )a' 


(1-17) 


0'  being  an  arbitrary  magnetic  scalar  potential. 


We  now  introduce  the  magnetic  Hertz  vector  such  that 


A'=  Q  n 


m 


(1-18) 


Ql  being  a  constant  to  be  determined  later. 
Putting  (l-l8)  into  (I-I5)  and  (I-I7) 


D  - 


(c^V  X  n  =  icoQV  X  n 
^  m  m 


E  = 


H 


V  xTf 
G  m 


V0'  -  (^(1  +  ~)  n 


(1-19) 

(1-20) 


Now  define  0’  as 

0’  =  -  div  n 


m 


.  .  H  =  grad  div  n  +  to  Q(l  +  — )  IT 

^  m  ^  €0)'  m 

Putting  (I-I9)  and  (l-20)  into  (l-l)^  we  have 


1(X)Q 


(1-21) 


V  X  V  X  n  =  +  i^Lco  )  grad  div  n  +  aj^Q(l  +  ~)  IT 
G  m  I--  t.  m  ^  60)^  m 


To  be  in  conformity  with  (1-12),  we  define  Q  as  follows: 


and 


Q  =  lie 


P— ^  p._A 

v^n  -i-  =  0 

m  m 


(1-22) 


E  =  lajiV  X  n 


m 


H  ==  k  n  +  grad  div  n 
m  m 


(1-23) 

(1-24) 


Summary 


^  p—i 

V  n  -h  k  n  =  0 

e  e 


p — ^  p— i 

V  n  -f  k  n  =  0 

m  m 


H  =  -  iooeV  X  n 


E  =  la)iiV  X  n. 


m 


E  =  k  -1-  grad  dlv 


H  =  k  n  -f-  grad  dlv  11 
m  m. 


•oil-' 


APPENDIX  II 


At  r  =  0  (or  p  =  O)^  the  E.M.  fields  for  the  hori¬ 
zontal  dipoles  cannot  be  computed  directly  from  the  field 
equations  summarized  in  Chapter  II.  In  this  appendix  the  field 
equations  are  modified  for  r  =  0. 

-Ah 


N(h,l) 


T(q.l)  = 


A^J^(Ap)e  dA 


0 


A^X(A)  J  (Ap)e  dA 


-Ah 


0 


using  series  representation  for  J^(Ap)^  the  integrals  become 


00  ( 


.-Ah 


dA 


(Il-l) 


0 


uo 

hl)i  [  --Ah 


^  j  a'^x(a)|-2  y 

A) 


dA  (II-2) 


N(b.l)  =  2 


(-1) 


^^O^IWTT! 


U+i 


2  12/ 


-Ah 


dA 


2 

2 


,q+I  „-Ah  ,,  ,  “  (-1)^ 

^  ®  dA  +  ^2^  2-li(i+I) I 


0 


0 


A.7 


p=0 


d'A  -f 


C) 


0 


t) 


A^"^^  jQ(Ap)e  dA 


p=0 


Since  Jq(Ap) 


=  1  . 


p^^O 


j  N(p.,l) 


p^O 


=  ^  N(p.+1,0) 


p=0 


(II-3) 


Similarly 


1 


p:=0 


^  T([i+1,0) 


p=0 


(II-4) 


(II-3,  II-4)  hold  for  all 

Substituting  (11-3^  II-4)  into  the  field  equations  in  Chapter 


IIj  and  using 


cos  cp 


11m 

p-^0 


sin  cp 


11m  y  ^ 
p^O  p 


we  have  the  following  field  expressions: 
r  =  0 

(II-5) 
(11-6) 

H,E,D„  r  =  0 


E  =  H  =  E  =  H  =  0 
X  y  z  z 


Ey  =  IdCM-Q  •  -i  \  rj(l,0)  4  T(1,0) 


h  =  4  h(2.0)  -  N{2,0) 


0 


‘x  =  ‘*^0  1 1  N(0,0)  +  T(0,0)]  (II-7) 

Hy  =  Imegl-I  T(1,0)  -  -,|n(1,0)|  (II-8) 


APPENDIX  III 


In  free  space  a  magnetic  dipole  of  dipole  moment  47r  amp-m 
at  {0,0, h)  has  a  magnetic  Hertz  vector 


2 


where 


n  =  1  n 

m 


IICqR 


n  = 

X  R 


_  ,  n  =  n  =  0 
X  "  y  z 


R^  =  x^  +  y^  +  [z  -  h] 


Ik  R 

dlv  n=-^n-e^  ^  (ik^  -  4) 

m  dx  X  t32  ^  0  R^ 

n 


H  =  k^  n  +  dlv  n 

X  0  X  ox  m 


^  e  3r^cos^cp^ - 1  at  z  =  0  (IH-I) 

h3(i  +^2)^ 


2  2  2 

where  r  =  p/h  ^  p  =  x  +  y  ^  cos  cp  =  x/p 


H  =  0  on  the  plane  z  =  0  when 

X 

?  P  2 

3r  cos  cp  -  r  -  1  =  0 


(III-2) 


(III-2)  describes  a  hyperbola  as  In  the  following  diagram. 


On  these  two  arms  of  the  hyperbola  H  =  0. 

X 


AlO 


APPENDIX  IV 


Go(A)  =  Pq(A) 


A  \  ( P ^2 ~ ^2 ^ I ^  ^ 


-2p^d 


~  ^^1^0  ^0^1^  ( P ^2'^^2 ^ I ^ 


P 


0  /  -2p.d 

(Pi^O^^Pq^I^  (Pl^p'^Pp^I^  "'  (P2^2~P2^I^^ 


^ 


-2p-,  d 

2p^€q  (p^G2-P2^i)®  ■  (Pi^2'^P2^I^ 

Ae'  ^  -2p.  d 


=  -  2f(€Q,A) 


In  the  significant  range  of  A 


-2p.  d 

(p^G2~P2ei)e  - 


(  P  G  p+ PpG^)  +  (p-|G,^  —  p^G-j)e 


-2p^d 


12  ^2  1’ 


A  ru  P 


1 


ffG 

f (Gq.A)  - 


«  I 


if  T  ^  .1  sec . 


All 


APPENDIX  V 


N([i,  v)  ,  z  =  0 


Q  =  (p^  +  )  =  h^(l  +  r^)  j  r  =  p/h 


N(0,0)  = 


Q 


172 


N(1,0)  = 


h 


Q- 


372 


N(l,l) 


N(2,0)  = 


Q 


1  ,  3h‘ 

372  1572 


N(2,l) 


3hp 


Q- 


572 


N(3.0)  =  3 


Q- 


3h  ,  5h^ 

572  q772 


=  3pj’-  ^  ^  j 


N(4,0)  =  3  +  ^[  N(4,l) 


Q' 


Q' 


ISnf  3h  7h^ 
-  15pj  ^ 


Q' 


N(p+1^0)  -  (•")  N(pjO) 


N(ij,+1j1)  =  -  N(|i^O) 


APPENDIX  VI 


A. I  2 


Differentiations  of  x(^)  can  be  greatly  simplified 


by  writing 


r(A) 


X(A)  =  2Ar(A)  -  1 

-2p.  d 

(p^-ip^)  +  (P3_-P2)e 

___ 

(p^+A) (p^+p^)  -  (p^-A) (p^-P2)e 


X'(A)  =  2  ^r(A)  +  Ar>(A)] 

X"(A)  =  2  ^  2r'{A)  +  AF'  '(A)] 
X"'(A)  =  2  S^3r"(A)  +  Ar">(A)] 

X(D)  =  -1 
X'  (0)  =  2r(D) 
x"(0)  =  4r'(o) 

X"  Uo)  =  6r’ '  (0) 

r(o)  =  -  ^  L 


r'  (o)  = 


n ' (0)  =  1 


L  =  1.1. -t-g) 

(1  +  n) 


1  2  2  ( 
kj  =  03 


J- .  j 


n 


k: 


1  -  nL  -  +  2nL^ 


2(l  -  n)d.e' 


k?((l+n)  -  (l+n)e^ 


+  ( 1  -  n) e' 


-  ( 1  -  n) e' 


n 


K 

IT 


-  i2k^d 


la  . 

r  +  — i) 

J  03  ' 


APPENDIX  VII 


Separation  into  real  and  imaginary  parts  of  the 
functions  X(A)  and  f(A)  as  given  on  page  64. 

(1)  X(A)  :  X(A)  =  Re  X(A)  -h  1  Im  X(A) 

Re  X(X)  =  ±  In  X(A)  =  -■  R 

[R(v)]®  +  [Im(v)]“  [R(v)]^  +  [Im(v)] 

R  (u)  =  R(C2)R(n  -  -  R(C^) 

Im(u)  =  R(Cg)Im(|)  +  Im(Cg)R(|)  -  1111(^3) 

R  (v)  =  RlCg)  -  R(C4)R(e)  + 

Im{v)  =  Im(q)  -  R(C4)Im(|)  -  Tn..(^)R(|) 

-2A-,  dcosQ-, 

R  (I)  =  e  cos (2A^dsln0^) 

-2A,  dcosQ-. 

Im(|)  =  e  '  sin(2A^dsin0^  ) 

R  (C^)  =  (A^cos0^  +  A)(A.^cos0^  +  A^cobO^) 

~  A^sln0^(  A^sln0^  +  A,2Sln02) 


A1. 


lrn(C-|  ) 


R  (Co) 

C. 


Im(C2) 


R  (C3) 


R'  (C4) 


“  (A.^cog0.j  •!■  A)(A^sln(9^  +  A^slnG^) 

-  ( A^sln0^ )  ( A^cosO.^  +  ApCosQ^) 

=  (A^cos0^  +  A)(A^cos0^  -  ApCos©^) 

-  A^sin0^( A^sln0^  -  A2Sin02) 

=  -  (A^cos0^  +  A)(A^^sin0^  ~  ApSln©^) 

-  A^sln0^ ( A^cos0^  -  A2COS02) 

=  (A^cos0^  -  A)(A^cos^0^  +  k^co^Q^) 

-  A^sln0^ ( A^ sln0^  +  ApSln0p) 

-  -  (A^cos0-j  -  A)(A^sin0^^  +  A2Sln0p) 

-  A^sln0.^ ( A^cos0^  +  A,^cos,G.^) 

=  (A^cos0^  -  A)  ( A.^cos^0-j  -  ApCOS02) 

-  A.^sln0-^  ( A^sln0^  ~  A^sln0p) 

=  -  (A^cos0.^  -  A)(A^sln0^  -  A2Sln0p) 

-  A^sin0^ ( A^cos0^  -  A,^cos6^) 


lrn(C-|  ) 


R  (Co) 

d. 


Im(?2) 


R  (C3) 


R'  (Ci|) 


Im(?4) 


(2) 


r(A)  -  Re  .f(A)  +  1  Irn  f(A) 


Rei'i  A)  = 

Imf ( A) = 


Re(r^) 

Re(r2) 


— ^  [  sln0^  X  Re(S)  -  cos0^  x  Im(2) ] 

A,  a)€„ 

[  sin0^  X  Im(z.)  +  cos0^  x  Re(E)] 

Re(r  )Re(r  )  +  Im(r  )lm(r„) 

Re(2)  =  - — p-- . — p - 

[Re(r2)]2  +  [Tm(rg)]2 

Im(r  )Re(rp)  -  Re(r, )Im(rp) 

Im(Z)  =  - i - 5 - ^ - — 

[Re(rg)]2  +  [Ini(rg)]2 

[Re(cp)  -  Re(c^)]  Im{rg)  =  [Im(cp^)  -  Im(q)] 

[Re{cp)  +  Re(C]_)]  :Cm(rg)  =  [Im(cp)  +  Im(q)] 

Re(cp)  =  [Re(|)Re(i:2)  -  lra(e)Im(C2)] 

Im(cp)  =  [Re(C)Im(C2)  +  Im(| )Re ( Cg)  ] 

Re(C2)  =  (nA^cos0^  +  A^cos©^) 

=  -  (nA^sln©^  +  ApSln©^) 


Re(^2)  =  (nAj^cos©^  -  ApCOS©^) 


Iin(^,^)  =  (A^sln0,^  -  nA^slnO-j) 


-2A^  dcosQ. 

Re(l)  =  e  cos[2A^dsln0^] 


-2A.  dcos0 

Im(|)  =  e  sln[ 2A^dsln0^ 


AlY 


C  4 

=U  +  [030^^1^]  j 


^2 


4  2 

A  +  [o^cj^M-q] 


|l/4 


^1  ~  "2 


I  a3CJ^^iQ  \ 


1 

0,2  =  —  arc  tan 


a3a2kLQ 


n 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


APPENDIX  VIII 


a  . 

J 

z  . 

J 

0.0271524594 

0.9894009350 

0.0622535239 

0.9445740231 

0.0951585117 

0.8656312024 

0.1246289713 

0.7554o44o84 

0.1495959888 

0.6178762444 

0.1691565194 

0.4580167777 

0 . 1826034150 

0.2816035508 

0.1894506105 

0.0950125098 

0.1894506105 

0.0950125098 

0.1826034150 

0.2816035508 

0.1691565194 

0.4580167777 

0 . 1495959888 

0.6178762444 

0.1246289713 

0.7554o44o84 

0.0951585117 

0.8656312024 

0.0622535239 

0.9445750231 

0.0271524594 

0.9894009350 

table  Is  taken  from  Lowan  ^  ^  (1942) 
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APPENDIX  IX 

Numerical  values  of  the  integrals  T(|i,  v)  and  t(2,1). 

R  =  p/h 

51  =  (ohm-m)~^ 

52  =  O2  (ohm-n) 

D  =  thickness  of  top  layer  (m) 

E  =  elevation  of  the  dipole  (m) 

(j-l)  denotes  the  number  of  terms  used  in 
computing  the  integral  for  J  <  20.  For  J  =  20 j  J  denotes 
the  number  of  terms  used. 


A20 


T ( 0  »0  ) 


=  .OOE-99 

Sl=  .2000E-00  S2=  .2000E-02 
REAL  part 

D=  .40E+04  E=  .lOE+06 
imaginarv  part 

J 

.  10 

■-.99644175E-05 

. 35330172E-07 

2 

.20 

-. 99496800E-05 

.49817063E-07 

2 

.50 

-. 99204435E-05 

.  78299215E-^07 

2 

1 .00 

-. 98875010E-05 

.  1  l0220l2E-‘06 

2 

2.00 

-. 98388955E-05 

. 15297629E-06 

2 

5.00 

-.97647620E-05 

.22395993E-06 

2 

10.00 

-.97204830E-05 

.34225783E~06 

2 

20.00 

-.9650O71OE-O5 

.60049545E-06 

2 

50.00 

-. 93329770E-05 

.  12953641E-05 

2 

100.00 

-. 86501765E-05 

.20824814E-05 

2 

200.00 

-. 73971430E-05 

.28212042E-^05 

2 

500.00 

-. 51486490E-05 

. 31687520E-05 

2 

1000.00 

35445426E-05 

.27665456E-05 

2 

2000.00 

-.24671338E-05 

.22245825E-05 

2 

5000 .00 

13339375E-65 

. 17469097E-05 

2 

10000.00 

-. 59755870E-06 

.  12816129E-05 

2 

T ( 1 ,0 ) 


=  .OOE-99 

51=  .2000E‘-‘00  S2f  aZQOOE'^OZ 

real  part  ' 

D=  .40E+04  E=  .lOE+06 
IMAGINARY  PART 

J 

.10 

-.99288360E-^10 

.70408715E-12 

2 

.20 

-. 98993635E“l5 

.99131790E-12 

2 

.50 

-. 98409020E^lC 

. 15534800E-11 

2 

1.00 

-.97750375E^10 

.21794541E^11 

2 

2.00 

“.96780440E-^10 

.30095754E-11 

2 

5.00 

-.95301695E-10 

.43797139E-11 

2 

10.00 

-.94340520E-10 

i668566l0E-ll 

2 

20.00 

-.925542C5E-^16 

ill616685E“lO 

2 

50.00 

-.84589270E^16 

.23433670E-10 

2 

100.00 

-.70015530E^10 

.33262649E-10 

2 

200.00 

“.49100222E^10 

.37241773E-10 

2 

500.00 

-.23448138^->16 

. 30595254E-10 

2 

1000.00 

10960418E-"iO 

.211777155^10 

2 

2000.00 

50443475E-11 

. 12738286E-10 

2 

5000.00 

-.20209706E^11 

*634283805-11 

2 

10000.00 

-^.84244460E-12 

. 37035010E-1 1 

2 

T (2>0) 


=  .OOE-99 

51=  .2000E-00  52=  .2000E-'02 
REAL  PART 

0=  .40E+04  E=  .loE+06 
IMAGINARY  PART 

J 

.  1  0 

-. 19786508E-14 

.21047211E-16 

2 

.20 

19698099E--14 

.29589157E-16 

2 

.50 

19522759E‘-*14 

i46230724E-16 

2 

1.00 

19325256E-^14 

.64639369E-16 

2 

2.00 

-.19035035^-14 

k88800315E-16 

2 

5.00 

18592618E"‘14 

i 12850045E-15 

2 

10.00 

-.18279477^-14 

. 19579786E-15 

2 

20.00 

17633244E-14 

*  33495427E-15 

2 

50.00 

14940671E-14 

*621185055-15 

2 

100.00 

-. 10847166E-14 

i77326635E-15 

2 

200.00 

“.62276510E-15 

i 728383155-15 

2 

500.00 

-.213502475^15 

. 467074455-15 

2 

1000.00 

-.76250885E^16 

.278750035-15 

2 

2000.00 

-.  24040198E"'16 

.150506795-15 

2 

5000.00 

-.551146755-17 

.629677255-16 

2 

10000.00 

-.181222525-17 

.322514565-16 

2 

/ 


a 


•ji 


i  V  :-'SO,r  V- 

O'?  ex  0 
'  ■“  J  X  8  &  O'  ?  S  3  V 
L  '» 80X0  ■P'O  0  0  V. 


[,  ? 


'  ■  p( 


<  j  0  «  0/  0 

vi  V.'  /•, 

0'  ■  (^5  -j 3 
0  0  0,00? 
00 « 0001 
•  OQ  ^O.OOS 

0  0 » ooo^i 

001^,0, 

'\0'V,:::  '0 


A;i 

T  (  ) 


.2uc  -00 

Sl=  .2000i:-00  S2=  . 

REAL  part 

.  1  0 

-. 9772254 3E- 

.20 

-.97583576E- 

.50 

-.97307931E- 

1.00 

-. 96997300E- 

2.00 

-.96538892E- 

5.00 

-.95839700E- 

10.00 

-. 95426484E- 

20.00 

-. 94783044E- 

50.00 

-.91867807E- 

100.00 

-.85437801E- 

200.00 

-.73335715E- 

500.00 

-.51452275E- 

1000 .00 

-. 35649852E- 

2000.00 

-.23042588E- 

5000.00 

-. 13373498E- 

10000.00 

-.89890270E- 

T ( 1 ,0  ) 


=  .20E-00 

Sl=  .2000E-00  S2=  . 
REAL  PART 

.10 

-.93654307E- 

.20 

-.93392443E- 

.50 

-.92872998E- 

1.00 

-. 92287723E- 

2.00 

-.91425420E- 

5.00 

-. 90110800E- 

10.00 

-.89274335E- 

20.00 

-.87761231E- 

50.00 

-. 80846445E- 

100.00 

-.67625678E- 

200.00 

-.47952627E- 

500.00 

-.23080786E- 

1000.00 

-. 11257475E- 

2000.00 

-.48954032E- 

5000.00 

-. 15428111E- 

10000.00 

-.75301222E- 

T ( 2  »0) 


=  .20E-00 

Sl=  .2000E-00  S2=  . 
REAL  part 

.10 

-. 17594458E- 

.20 

-.  17522009E- 

.50 

-. 17378308E- 

1.00 

-. 17216431E- 

2.00 

-. 16978322E- 

5.00 

-. 1661 5456E- 

10.00 

-. 16367413E- 

20.00 

-.  15868862E- 

50.00 

-. 13686724E- 

100.00 

-. 10140768E- 

200.00 

-. 59375288E- 

500.00 

-.20558252E-^ 

1000.00 

“.75477595E“^ 

2000.00 

-.24830435E- 

5000.00 

-.49675726E“ 

10000.00 

-. 15025069E- 

-02  l)-“-  .A  01'.  + 04  E---  .lOE  +  06 


lMAGli4AHY  HART  J 

. 33323374L-07  4 

.4699ai90E-07  4 

.73893652E-07  4 

.  10405819E-06  4 

. 14450700E-06  4 

.21 169830E-06  4 

. 32356804E-06  4 

•  56845  507E-06  4 

. 12354574E-05  4 

.20074112E-05  4 

.27517659E-05  4 

.  31030096E-05  4 

.28136085E-05  4 

.22395920E-05  4 

. 14414060E-05  4 

. 10834528E-05  3 

“02  D=  •40E+04  E=  •lOE+06 

imaginary  part  J 

.62608129E-12  4 

.88179434E-12  4 

.13827981E-11  4 

. 19415078E-1 1  4 

. 26841542E-1 1  4 

. 39109966E-1 1  4 

. 59731749E-11  4 

. 10419143E-10  4 

.21389872E-10  4 

. 30995759E-10  4 

. 35414528E-10  4 

.29399131E-10  4 

.20685028E-10  4 

, 12978534E-10  .  4 

.60884506E-11  4 

.  33315382E-1 1  4 

-02  0=  .40E+04  E=  .lOE+06 

imaginary  part  j 

,  17271179E-16  4 

.24294979E-16  4 

. 38003712E-16  4 

.53207651E-16  4 

.73243880E-16  4 

. 10620490E-15  4 

. 16204862E-15  4 

.27960313E-15  4 

.53537890E-15  4 

.68845441E-15  4 

.66649323E-15  4 

.43658985E-15  4 

.26131023E-15  4 

. 14331561E“15  4 

.60232757E-16  4 

. 30523883E-16  4 
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T  (  A  ,  1  ) 


=  .2v'E“00 

SI=  .20::''E-00  9  2-  .. 

REAL  PAirr 

,  1  0 

964256]  0L-- 

.  2  0 

-.961477 15E- 

o  5  0 

-.95596512E- 

1.00 

-.94975470E- 

2.00 

-. 94060657E- 

5.00 

-.92665982E- 

1.  0 . 0  0 

-. 91768925E- 

20.00 

-.90123272E- 

50.00 

-.82695462E- 

100.00 

-.68812072E- 

200.00 

-.48513457E- 

500.00 

-.23335132E- 

1000.00 

-. 11120835E- 

2000.00 

-.48127420E- 

5000.00 

-. 18449430E- 

10000.00 

-.87511772E- 

T  (  1  »  1  ) 


=  .20E-00 

Sl=  .2000E-00  S2=  . 
REAL  PART 

.10 

-.  18663769E- 

.20 

-. 185a3614E- 

.50 

-. 18424639E- 

1.00 

-. 18245561E- 

2.00 

-. 17982289E- 

5.00 

-. 17581015E- 

10.00 

-.  17301701E- 

20.00 

-. 16732222E- 

50.00 

-. 14302716E- 

100.00 

-. 10489104E- 

200.00 

-.60823472E- 

500.00 

-.20925129E- 

1000.00 

-.76537475E- 

2000.00 

-.24159681E- 

5000 .00 

-. 51554720E- 

lOOOo .00 

17171194E- 

T ( 2>1  ) 


=  .20E-00 

Sl=  ,2000E-00  S2=  . 
REAL  PART 

.10 

-. 53659168E- 

.20 

-. 53353998E- 

.50 

52748837E- 

1.00 

-. 52067300E- 

2.00 

-. 51067417E- 

5.00 

-.49543107E- 

10.00 

-.48398410E- 

20.00 

-.45901728E:- 

50.00 

-.36118277E- 

100.00 

-.23270419E- 

200.00 

-.  11316979E- 

500.00 

30056122E- 

1000.00 

-.91848540E- 

2000.00 

-.25364105E- 

5000.00 

-.43097300E- 

10000.00 

-.  11257796E- 

-  0  I .)  “  » '-I  :)  I '  0  h  =  .10  t:.  -I-  0  6 

IMAGINARY  r'AKT  J 

.664i'3^i  A01--08  4 

.93822624E~08  4 

. 14660782E-07  4 

•20876260E”07  4 

.28430012E-07  4 

.41398464E-07  4 

.6321 1341E-07  4 

.  11004742E-06  3 

.22393208E-06  3 

.32112255E-06  3 

.36333782E-06  3 

.29918185E-06  3 

.21093412E-06  3 

.  12822627E-06  3 

.61208072E-07  3 

. 35411012E-07  3 

~02  D=  •40E+04  E=  .lOE+06 

IMAGINARY  PART  J 

. 19094580E-12  4 

.26851745E-12  4 

.41977682E-12  4 

. 58730949E-12  4 

.80762818E-12  4 

. 11698488E-11  4 

. 17837444E-11  4 

. 30643410E-11  4 

.57721541E-11  4 

.72995862E-11  3 

.69705562E-1 1  3 

.45091805E-11  3 

.27016472E-11  3 

. 14719139E-11  3 

.61421 140E-12  3 

. 31320722E-12  3 

~02  D=  •40E+04  E=  .lOE+06 

IMAGINARY  PART  J 
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.22131818E-16  4 

. 30290959E-16  4 

.43661379E-16  4 

.66418318E-16  4 

. 1 1206009E-15  4 

. 19357867E-15  4 

.21676833E-15  4 

. 17932948E-15  4 

,98242985E-16  4 

.53749339E-16  4 

. 27828650E-16  4 

, 11275332E-16  4 

.56529726E-17  4 
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T ( 0 ,0  ) 


=  .30E+01 

si=  .2000E-00  52=:  .2000E-02 
REAL  PART 

U=  ./|0L-i-0/|  L=  .lOE-i-06 
imaginary  part 

J 

.  1  0 

-.3161l526E-^05 

.  11279660E-08 

20 

.20 

31606867E-05 

. 15968261E-08 

20 

.50 

-‘.31597624E-05 

.25296819E-08 

20 

1.00 

". 31587197E“05 

. 35929977E-08 

20 

2.00 

-.  31571761E-05 

.50533817E-08 

20 

5.00 

-.31548232E-05 

.75339411E-08 

20 

10.00 

-.31536842E-05 

.  11571869E-07 

20 

20.00 

-.31528129E-05 

.20471776E-07 

20 

50.00 

■“.31516234E-05 

.47105017E-07 

20 

100.00 

-.315523965-05 

.89797058E-07 

19 

200.00 

-. 31792706E-05 

.  19773902E-06 

18 

500.00 

-. 30767932E-05 

.62108948E-06 

16 

1000*00 

-.26345035E-05 

.99827340E-06 

15 

2000.00 

-.  19838561E-05 

. 11394318E-05 

15 

5000.00 

“.12070487E-05 

.97857204E-06 

14 

10000.00 

-. 79910444E-06 

.75916088E-06 

14 

T ( 1 ,0) 


=  .30E+01 

51=  .2000E‘-00  52=  .2000E~02 
REAL  PART 

D-  .40E+04  E=  .lOE+06 
IMAGINARY  PART 

J 

.10 

-.31701544E-11 

-.78466765E-14 

20 

.20 

-.31734171E-11 

-.11079243E-13 

20 

.50 

-.31798926E-11 

-. 17460940E-13 

20 

1.00 

-.31871866E-11 

-.24654250E-13 

20 

2.00 

-.31979668E-11 

-.34375484E-13 

20 

5.00 

-.32144386E-11 

-.50583453E-13 

20 

10.00 

-.32234804E-11 

-.77224706E-13 

20 

20.00 

-. 32345042E-11 

-.  13590806E-12 

20 

50.00 

-.  32740919E-11 

-.  31518710E-12 

20 

100.00 

,  -. 34125984E-11 

-.63399205E-12 

20 

200.00 

-.41160594E-11 

-. 10242620E-11 

20 

500.00 

-.54129657E-11 

.28437153E-12 

20 

1000.00 

-.45820085E-11 

.  19314468E-11 

19 

2000.00 

-.28600703E-11 

.24147429E-1 1 

18 

5000.00 

-.  11729067E-11 

.  17803058E-11 

18 

10000.00 

5440 3724 E- 12 

.  11599309E-11 

17 

T ( 2  »0  ) 


=  .30E+01 

51=  .2000E-00  52=  .2000E-02 
REAL  PART 

D=  .40E+04  E=  .lOE+06 

imaginary  part 

J 

.10 

.22051560E-16 

-.84434675E-19 

20 

.20 

,22016603E-16 

-. 11943250E-18 

20 

.50 

.21947217E-16 

-.  18889501E-18 

20 

1.00 

.21869070E-16 

-.26778590E-18 

20 

2.00 

,217533615-16 

-. 37560499E-18 

20 

5.00 

.21576676E-16 

-.55750119E-18 

20 

10.00 

.21487620E-16 

-.85363732E-18 

20 

20.00 

.21408214E-16 

-.  15012673E-17 

20 

50.00 

.21353261E-16 

-. 34613961E-17 

20 

100 ,00 

.21426352E-16 

-.76219350E-17 

20 

200.00 

. 15889079E-16 

-. 17092902E-16 

20 

500.00 

-. 52220677E-17 

-.155552175-16 

20 

1000.00 

-.96081510E-17 

-,38133709E-17 

20 

2000.00 

-.60542829E-17 

.204511635-17 

20 

5000.00 

-. 19715858E-17 

.25454967E-17 

20 

10000.00 

-.71423302E-18 

.  16613346E-17 

20 
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=  .30E+01 

51=  .2000E-00  52=  .2000E-02 
REAL  PART 

D=  .40E+04  E=  .lOE+06 
IMAGINARY  PART 

J 

.10 

-.22758650E-05 

. 33720763E-08 

20 

.20 

-.22744663E-05 

.47667202E-08 

20 

.50 

-.22716927E-05 

.75294773E-08 

20 

1.00 

-.22685662E-05 

. 10658913E-07 

20 

2.00 

-.22639413E-05 

.14918860E-07 

20 

5.00 

-.22568836E-05 

.22082993E-07 

20 

10.00 

-.22532067E-05 

.33814453E-07 

20 

20.00 

-.22493526E-05 

.59687660E-07 

20 

50.00 

-.22372327E‘-65 

. 13724510E-06 

19 

100.00 

“.22107125E-05 

.26216907E-06 

18 

200.00 

-.21146042E-05 

.50228816E-06 

17 

500.00 

-.  16210656E-05 

,89895740E-06 

15 

1000.00 

-.  10306051E-05 

.94786775E-06 

15 

2000.00 

-. 54480596E-06 

.76080282E-06 

14 

5000.00 

-. 19872843E-06 

.44146968E-06 

14 

0000.00 

-.87839288E-07 

.26307032E-06 

14 

1»1) 

=  .30E+01 

51=  .2000E-00  52=  .2000E-02 
REAL  part 

D=  .40E+04  E=  .lOE+06 

imaginary  part 

J 

.10 

-.94767067E-11 

. 10145001E-13 

20 

.20 

-.94725114E-11 

.  14357724E-13 

20 

.50 

“*94641893E“^11 

i22732168E-13 

20 

1.00 

-•94548108E-*11 

#32264511E-“13 

20 

2.00 

-.94409211£^11 

445334660E-13 

20 

5.00 

-.94197335E-11 

.67480662E-13 

20 

10.00 

-,94093258E-“11 

.  10352746E-12 

20 

20.00 

-.94008446E-11 

.  18279684E-12 

20 

50.00 

93908385E-11 

.41804337E-12 

20 

100.00 

-.94381334E-11 

.83099631E^12 

20 

200.00 

-.94132267E-11 

.20047553E-11 

20 

500.00 

-.70366898E-11 

.44524238E-11 

18 

lOOOiOO 

^*38861692E“11 

*45414119E‘-11 

18 

2000*00 

16616918E-11 

.32990269E-11 

17 

5000,00 

-.43008843E-12 

.  16536459E-"11 

17 

0000.00 

14177507E-12 

.89223462E-12 

17 

2»1) 

=  .30E+01  51=  •2000E-00  52=  .2000E-02  D=  .40E+04  E=  .lOE+06 


REAL  part 

imaginary  part 

J 

.10 

‘*.28511115B‘^16 

‘-»50221658E-19 

20 

.20 

“.28532a97E-l6 

^*70781772E-19 

20 

.50 

‘-*285737iO^“16 

11114341E-18 

20 

1.00 

-**28626591£*^16 

**15627925E-18 

20 

2.00 

-.28689818E-16 

■^.21653945E-18 

20 

5.00 

^*28V95666E-‘16 

^,31561668E-18 

20 

10,00 

“.28858495E^l6 

“•47981124E-18 

20 

20.00 

--.28948960E-16 

“,84266120E-18 

20 

50,00 

-.29381279E-16 

“.20451909E-17 

20 

100,00 

-.31656992E-16 

-^.4Q478249E-17 

20 

200.00 

-.39279708E-16 

“•13511266E-17 

20 

500.00 

-.  34903008r>16 

' * 17768060E“16 

20 

1000.00 

18216112£“16 

.21193i52£“16 

20 

2000.00 

“.68580269[>17 

*  15166675E-16 

2  0 

5000.00 

14518300E~17 

*71724933E^17 

20 

0000.00 

-.40809571E-‘18 

.37347085E-17 

20 

h 


cmJ 


•m 


Y'^:, 

i^i'' 


'YM 


-eo'' 


.  ^ : 


^0  -3  ^'S  e  s 


ri 


|;||^'i|iiSf|lli',  g*,,™*,.  . . , ..,  y, 

“"^5ss6  e.  ^  I 

^  ,«o*“3reomot*'^ 


'^01^.  ...... 

■0-'&4  ,,E 

'O'O'^Ii 


lA,!!r-'’' 


)'S 


,W 

pi^; 

';''<iil4 


|||||6i8|<||»^|. 


p00iQ.I:j 


6o»ed6i  i 

ddiipM 


■'iw 


'Si 


A2  5 


T  (  0 , 0  ) 


=  •  *3  0  F  +  0  ] 

Sl=  .2000L-00  52=  .2000E-02 

l)=  .40[;:  +  0''-i 

.  lOL  +  06 

real  ha  in' 

imaginary  haiu 

J 

.  10 

-.  19608922E-05 

.26918779E-09 

20 

.20 

-.  19607805E-05 

.381 18189E-09 

20 

.50 

-.  19605602E-05 

.604‘20472E“09 

20 

1 .00 

-.  196031 16E-05 

.85870816E-09 

20 

2.00 

-.  19599434E-05 

. 12088069E-08 

20 

5.00 

-. 19593826E-05 

. 18048666E-08 

20 

10.00 

-.  19591145E-05 

.27753864E-08 

20 

20.00 

-.  19589222E-05 

.49181101E-08 

20 

50.00 

-.  19586884E-05 

. 11424409E-07 

20 

100,00 

-.  19588332E-05 

.21777178E-07 

20 

200.00 

-.  19640842E-05 

.40069614E-07 

20 

500.00 

-.20097297E-05 

. 14605293E-06 

20 

1000.00 

-.  19486519E-05 

. 39120960E-06 

20 

2000.00 

-.  16553802E-05 

.63350451E-06 

20 

5000.00 

-.  11135595E-05 

.70061988E-06 

20 

10000.00 

-.76683233E^06 

.60409747E-06 

20 

(  1  »0  ) 

=  .50E+01 

Sl=  .2000E-00  S2=  .2000E-02 

D=  .40E+04  E= 

. lOE+06 

REAL  PART 

imaginary  part 

J 

.10 

-.75657259E-12 

-.23753901E-14 

20 

.20 

-.75755691E-12 

“.33573958E-14 

20 

.50 

-.75951211E-12 

-.53019568E-14 

20 

1.00 

-.76171556E^12 

-.75033831E-14 

20 

2.00 

-.76497372E-12 

10497711E-13 

20 

5.00 

-.76994702E-12 

15528871E-13 

20 

10.00 

-.77255558E-12 

-".23767004E-13 

20 

20.00 

-.77533758E^12 

^.41918080E-13 

20 

50.00 

-.78434235E-12 

“.95996116E-13 

20 

100.00 

-.80095243E“12 

18082086E-12 

20 

200.00 

“-.85176119E-12 

37474062E-12 

20 

500.00 

-.  14757118E--11 

-.67361017E-12 

20 

1000 .00 

-.20172356E-1 1 

10417919E-12 

20 

2000.00 

“. 17484123E-11 

.63164789E-12 

20 

5000.00 

-‘.91213811E-^12 

.84635369E-12 

20 

10000.00 

-.46746438E-'12 

.65979886E-12 

20 

O 

=  .50E+01 

Sl=  .2000E-00  S2=  .2000E""o5 
REAL  PART 

0=  .40E+04  E=  .lOE+06 
IMAGINARY  PART 

J 

.10 

.66756959E-17 

“.92398646E-20 

20 

.20 

.66718738E~17 

13065752E-19 

20 

.50 

.66642813E-17 

“#20652605E‘-19 

20 

1.00 

.66557229E“17 

-i29258814E-19 

20 

2.00 

.66430719E"17 

“*41003530E-19 

20 

5.00 

,66237500£“-17 

-*60900053E-19 

20 

10.00 

.66136237E~17 

-.93162464E-19 

20 

20.00 

.66042786E-17 

16269451E-18 

20 

50,00 

•65885064E-17 

“.36651433E-18 

20 

100.00 

.66229103E‘-17 

“*65683605E-18 

20 

200.00 

.70897052E“17 

15989267E-17 

20 

500.00 

.44863519£“‘17 

“*58125456E-17 

20 

1000.00 

-.57789527E-18 

-i48729947E-17 

20 

2000 .00 

-.20911910E-17 

-.15949791E-17 

20 

5000.00 

-.  11164653E-17 

.32083186E~18 

20 

10000.00 

-.AOOOIEAAE-IS 

.45827449E-18 

20 

A2  6 


T  I  0  » 1  ) 


=  .50L+01 

51=  .2000E-00  S2=  . 
REAL  PART 

.  10 

-.  16  0642  54E- 

.20 

-.  16058695E- 

.50 

-. 16047670E- 

1.00 

-.  16035237E- 

2.00 

-.  16016847E- 

5.00 

-.  15988795E- 

10.00 

-.  15974367E- 

20.00 

-.  15959885E- 

50.00 

-.  15915958E- 

100.00 

-. 15825800E- 

200.00 

15623113E- 

500 .00 

-. 14316427E- 

1000.00 

11034734E- 

2000 .00 

-.68160235E- 

5000.00 

-. 283531 18E- 

10000.00 

-. 13297232E- 

T  (  1  »  1  ) 


=  .50E+01 

Sl=  .200CE-00  52=  . 
REAL  part 

.10 

“.37698461E- 

.20 

-.37692054E- 

.50 

37679356E- 

1 .00 

-,37665046E- 

2.00 

-. 37643841E- 

5.00 

-. 37611532E- 

10, OU 

-.37596G80E^ 

20.00 

-.37584784E- 

50.00 

-. 37568688E- 

100.00 

37580934E- 

200.00 

-. 38154345E- 

500.00 

-.38546622E- 

1000.00 

-.29153672E- 

2000.00 

15723396E- 

5000.00 

-.49155186E- 

10000.00 

-. 17717598E- 

T  (  2»  1  ) 


=  .50E+01 

51=  .2000E-00  52=  . 
REAL  part 

.10 

-.43552524E- 

.20 

-.43606059E- 

.50 

-.43712332E- 

1.00 

-.43832014E- 

2.00 

-.44008885E- 

5.00 

-.44279285E- 

10.00 

-.44429202E- 

20.00 

-.44606718E- 

50.00 

-.45162941E- 

100.00 

-.46027211E- 

200.00 

-. 52614309E- 

500.00 

-.94675393E- 

1000.00 

“.84811477E- 

2000 .00 

-.43990162E- 

5000.00 

-.11630371E- 

10000.00 

-.35830661E- 

-02  l,)=  ./-lOE  +  OA  E=  .lOE  +  06 


IMAGINARY  MART  J 

. 13413909E-08  20 

. 18966924E-08  20 

.29976158E-08  20 

.42461833E-08  20 

.59486103E-08  20 

.88173608E-08  20 

.  13512150E-07  20 

•23870335E-07  20 

. 54947547E-07  20 

. 10369591E-06  20 

.  19580216E-06  20 

.45690501E-06  20 

.65701897E-06  20 

.66191382E-06  20 

.45809087E-06  20 

.29481754E-06  20 

-02  D=  .40E+04  E=  .lOE+06 

imaginary  hart  j 

. 15496241E-14  20 

.21942103E-14  20 

. 34773979E-14  20 

.49412746E-14  20 

•69541852E-14  20 

.  10378005E-13  20 

,  15952693E-13  20 

.28260202E-13  20 

.65527462E-13  20 

. 12207801E-12  20 

.23484794E-12  20 

. 10396767E-1 1  20 

. 18761911E-11  20 

.  18821812E-11  20 

. 11591028E-11  20 

.67297088E-12  20 

-02  D=  .40E+04  E=  .lOE+06 

imaginary  part  j 

12885695E-19  20 

-* 18194905E-19  20 

-*28678625E-19  20 

‘-.40498985E-19  20 

-'.56483604E-19  20 

-•83228622E-19  20 

‘-i  12696343E-18  20 

-.22211580E-18  20 

“.50018003E-18  20 

^.96950058E-18  20 

-.21960712E-17  20 

-".98398872E-18  20 

.36249968E-17  20 

.48286122E-17  20 

♦29920078E-17  20 

. 16739434E-17  20 


2  00  0E 

05 

05 

05 

05 

05 

0  5 

05 

05 

05 

05 

05 

05 

05 

06 

06 

06 

2000E 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

12 

12 

2000E 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

17 

18 


A,?  7 


TAU( 2» ] ) 


=  .20L-00 

Sl=  .2000F.--00  S2=  .2  000E-02 
REAL  PART 

D=  .40L+04  E=  .lOL+06 
IMAGINARY  part 

J 

.  1  0 

. 14740481 E-21 

. 14741507E-21 

4 

.20 

.52113665E-22 

.52120913E-22 

4. 

.50 

. 13182255E-22 

. 13185745E-22 

4. 

1.00 

. 46594856E-23 

.46719289E-23 

4 

2.00 

. 16693142E-23 

. 16380020E-23 

4 

5.00 

. 39026661E-24 

. 38849929E-24 

4 

10.00 

. 11229166E-24 

. 14829320E-24 

4- 

20.00 

. 30548212E-25 

.65544862E-25 

4 

50.00 

.54123274E-26 

.24634377E-25 

4 

o 

o 

. 

o 

1 — ( 

. 14707257E-26 

. 12065752E-25 

4 

200.00 

.40010339E-27 

.59661922E-26 

4 

500.00 

.71424271E-28 

.23686312E-26 

4 

1000.00 

. 18908236E-28 

. 11812421E-26 

4 

2000.00 

.4894425 lE-29 

. 59002164E-27 

4 

5000.00 

. 81574344E-30 

.23590204E-27 

4 

10000 .00 

.21025751E-30 

.11793473E-27 

4 

TAU( 2» 1 ) 


=  .30E+01 

Sl=  .2000E~00  52=  .2000E-02 
REAL  PART 

D-  .40E+04  E~  «l0E+06 
IMAGINARY  PART 

J 

.  1  0 

.74159758E-22 

.74159692E-22 

20 

.20 

.26219445E-22 

.26219398E-22 

20 

.50 

.66329604E-23 

.66323783E-23 

20 

1.00 

.23449635E-23 

. 23495586E-23 

20 

2.00 

.84034124E-24 

.82335118E~24 

20 

5.00 

.  19645877E-24 

. 19544706E-24 

20 

10.00 

.57023685E-25 

.74928255E-25 

20 

20.00 

.  16200721E-25 

«  33132597E--25 

20 

50.00 

.  35589164L-26 

o 12207334E-25 

20 

100.00 

.  13678587E--26 

.57056020E-26 

20 

200.00 

.  56189651E-27 

. 26172998E-26 

20 

500 .00 

, 15715574E-27 

»93683664E~27 

20 

1000.00 

.  53101210E-28 

.44188692E-27 

20 

2000.00 

.  16330453E-28 

.21371060E-27 

20 

5000.00 

, 30840175E-29 

,  83892372E-28 

20 

10000,00 

.82695838E-30 

,41740270E“28 

20 

TAU ( 2  » 1 ) 


=  .50E+01 

51=  .2000E“00  52=  .2000E-02 
REAL  part 

0=  .40E+04  E=  .lOE+06 

imaginary  Part 

J 

.10 

.29481434E-^22 

, 29481415E-22 

20 

.20 

. 10423264E-22 

. 10423251E-22 

20 

.50 

•26368616E“23 

.26366363E-23 

20 

1.00 

.93221418E-24 

.93404425E-24 

20 

2.00 

. 334G6781E-24 

. 32731609E-24 

20 

5.00 

.78100422E-"25 

.77697936E-25 

20 

10.00 

.22668983E^25 

•29785178E-25 

20 

20.00 

.64370523E'^26 

.  13165942E-25 

20 

50.00 

. 13932763E-26 

.48646503E-26 

20 

100.00 

. 54772965E-27 

.23102578E-26 

20 

200.00 

.26726698E-27 

. 10670439E-26 

2  0 

500.00 

.  10289351£‘^27 

.  35838822E-27 

20 

1000.00 

.41904208E-28 

. 15495673E-27 

20 

2000.00 

. 14602076E-28 

.69372333E-28 

20 

5000.00 

.30352510E-29 

.25700048E-28 

20 

10000.00 

. 84649945E“30 

. 12559970E-28 

20 

APPENDIX  X 


surface 

meaning 


A 


r,  <  ) 
f  A.) 


Field  strengths  of  all  dipole  components  on  the 
of  the  earth.  See  front  page  of  Appendix  IX  for 
of  symbols.. 


A2  9 


C 

V.  M.  O. 

R  =  .20£-00 

Sl=  .2000E-00  52= 

.2000L-02  0=  . 

40L  +  0A  L=  .l0L'f06 

IM(1»1)=  .  18837'319E-10 

T 

REAL  ET 

IMAG.  ET 

A  [3.5,  ET 

.10 

. 15080830E-16 

- . 15286509E-16 

. 214734435-16 

.20 

.  10603705E-16 

-. 10808561E-16 

.  15  lA  14515-16 

.50 

.66307640E-17 

-.68345817E-17 

.952252795-17 

1.00 

.46385492E-17 

-.48316426E-17 

.669782865-17 

2.00 

. 31893091E-17 

-.34554776E-1 7 

.470234175-17 

5.00 

. 18478846E-17 

-.20160405E-17 

.273479375-17 

10.00 

.  14087949E-17 

-. 12286215E-17 

.186928165-17 

20.00 

.  12101027E-17 

-.83919696E-18 

.147261675-17 

50.0  0 

. 91176525E-18 

- ,719441775-18 

.116142685-17 

100,00 

. 57651868E-18 

-.66091860E-  18 

.877033175-18 

200.00 

. 27526600E-18 

- , 50448133E-18 

.574693645-18 

500,00 

. 71226686E-19 

-1.264815675-18 

,274227235-18 

1000 .00 

. 213375 12 E-19 

“. 14288953E-18 

. 144473895-18 

2000.00 

, 58123613E-20 

-.735131535-19 

.737425895-19 

5000.00 

. 97020384E-21 

-.297054495-19 

,297212885-19 

10000 . 0  0 

, 24736993E-21 

-.14-879881E-19 

.148819375-19 

R  =  .30E+01 

51=  .2000E-00  52= 

.20005-02  D=  , 

405+04  5=  ,105+06 

N(l»l)=  ,94S68334E-11 

T 

REAL  ET 

I  MAG,  ET 

ABS.  ET 

.  1  0 

.80124852E“18 

79980311E-18 

,  113211495-17 

.20 

. 56698392E-18 

-.56557319E-18 

.800839435-18 

,50 

. 35907567E-18 

-,357684555-18 

.506826975-18 

1.00 

.25482394E-18 

“.25291334E-18 

.359027005-18 

2.00 

. 17902575E-18 

“,18130684£“18 

.254798725-18 

5,00 

, 10659196E-18 

10599051E-18 

.150319105-18 

10.00 

.81765614E“19 

-,61215223E-19 

. 102141665-18 

20.00 

, 72186141E^19 

-.33956821E-19 

.797740855-19 

50.00 

. 66033826E-19 

15163284E--19 

.677524265-19 

100,00 

,65631789E“19 

-,38463084E-20 

.657443965-19 

200.00 

.79167424E‘“19 

“.29067153E-20 

,792207665-19 

500,00 

. 70330161E“19 

-,33702289E-19 

.802757665-19 

1000 . 0  0 

. 35867907E-19 

-,442338445-19 

,569485715-19 

2000.00 

.  13027798E^19 

-,309013435-19 

.  335353025-19 

5000  »  0  0 

.  26120870E~20 

“,143059685-19 

,143424795-19 

10000.00 

. 70468368E-21 

73806934E-20 

,741425745-20 

R  =  ,50E+01 

51=  ,2000E^00  52= 

,2000E“02  U=  , 

405  +  04  5  =  ,  105  +  06 

N(l,l)=  .  37714640E-'ll 

T 

REAL  ET 

I Mag.  ET 

ABS.  5T 

.  1  0 

,  122  38  8  75E-“18 

127781 16 E- 18 

,  176937925-18 

.20 

, 8 6648 96 85“ 19 

-*891917055-19 

0 124351125-18 

,50 

, 54928723E“19 

-,55734349E-19 

,782526825-19 

1.0  0 

„  39026008E--19 

-,391691625-19 

,532924285-19 

2.00 

,274619515-19 

-,27958397E-19 

,  391896755-19 

5.00 

, 16393021 E-19 

-.162868645- 19 

«  2  3108290  5-19 

1  u  .  0  0 

, 12599379E-i9 

-,936382605-20 

,156979485-19 

2  'J  ,  0  o 

. 111599^3E“19 

-.51279899E-20 

.122816815-19 

5  J  ,  0  0 

, 10350670E-19 

-.230544715-20 

.106043125-19 

1 0  ( j ,  0  C/ 

,96416772E-20 

-.105600525-20 

.969933435-20 

200.00 

.  92741026E“'20 

,17363871 £-20 

»  94  352540  5-20 

500,00 

.  16422657E-'19 

. 13141927E-20 

,164751555-19 

1000,00 

, 14818090E“19 

-,676142165-20 

,162878055-19 

2000.00 

. 74326995F-20 

-,868A3025E-20 

.  1  14307535-19 

5000,00 

, 18309103E-2C 

-,  5  180925';)£-20 

,549492675-20 

lOOOO.OO 

.  53150997£'-21 

-,283875585-20 

.288808545-20 

A  '3  0 


C  1 1(  RO  ) 

V.  M.  1). 

R  =  .?0E-00 

S.l=  .2000E-00  S2  = 

-20005-02  D=  . 

405+04  !>  .105+06 

N  {,?»!)=  .543^61  17F-1  3 

T 

REAL  Rll 

I  MAG.  HR 

AB5.  HR 

.  10 

-. 10805528E~I 4 

. 72A71521E-17 

.108057715-14 

.20 

-. 10775011E-14 

.101775205-16 

.107754915-14 

.  5  0 

-.  10714495E--14 

. 15867637E-16 

.107156695-14 

1.00 

-. 10646341E~14 

.22131818E-16 

.  106486415-14 

2.00 

-. 10546353E-14 

. 30290959E-16 

.105507015-14 

5.00 

-. 10393922E-14 

.43661379E-16 

. 10403088E-14 

10.00 

-. 10279452E-14 

.66418318E-16 

.  10300886E-14 

20.00 

-. 10029784E-14 

. 1 1206009E-15 

.  10092190E-14 

50.00 

-.90514394E-15 

. 19357867E-15 

.92561236E-15 

100.00 

-.77666536E-15 

.21676833E-15 

.80634829E-15 

200.00 

-.65713096E-15 

. 17932948E-15 

.681160895-15 

500.00 

-. 57401729E-15 

.  982429a5E"-16 

.582363745^15 

1000.00 

55314602E-15 

.53749339E-"16 

.555751305-15 

2000 .00 

-.54649758E-15 

.27828650E-16 

.547205655-15 

5000.00 

-. 54439214E-15 

.  112753325-16 

.544508885-15 

10000.00 

-.54407374E-15 

.56529726E-17 

. 544103095-15 

R  =  .30E+01 

Sl=  .2000E-00  52= 

.2000E-02  D=  . 

405+04  5=  elOE+06 

N(2»l)=  . 28460501E-16 

T 

REAL  RH 

IMAG.  HR 

AB  S .  HR 

.10 

-. 56971616E-16 

-.502216585-19 

.569716375-16 

.20 

-. 56992598E-16 

-. 70781772E-19 

.569926415-16 

.50 

-.57034211E-16 

-.1  1114341E-18 

.570343185-16 

1.00 

-. 57081092E-16 

-.  15627925E-18 

.570813065-16 

2.00 

-.57150319E-16 

-.21653945E-18 

.571507285-16 

5.00 

-. 57256161E-16 

31561668E-18 

.572570315-16 

10 , 0  0 

-. 57318996E-16 

-.479811245-18 

.573210045-16 

20.00 

-.57409461E-16 

-.842661205-18 

.574156445-16 

50.00 

57841780E-16 

-.204519095-17 

.578779255-16 

100.00 

-.60117493E-16 

-.404782495-17 

.602536125-16 

200.00 

-.67740209E-16 

-. 13511266E-17 

.677536815-16 

500.00 

-. 63363589E-16 

. 17768060E-16 

.658076615-16 

1000.00 

-.46676613E-16 

.21193152E-16 

.512626165-16 

2000.00 

-. 35318527E-16 

.  15166675E-16 

.384373035-16 

5000.00 

29912331E“16 

.71724933E-17 

,307602375-16 

10000 .00 

~.28868596E-16 

. 37347085E-17 

.291091715-16 

R  =  .50E+01 

51=  .20005-00  52= 

.2000E-02  D=  . 

405+04  5=  .lOE+06 

N(2»l)=  .43516893E-17 

T 

REAL  RH 

IMAG.  HR 

ABS.  HR 

.10 

-. 87069417E-17 

-.128856955-19 

.870695125-17 

.  2  0 

-.87122952E-17 

-.181949055-19 

.871231425-17 

.50 

-.87229225E-17 

-.286786255-19 

.872296965-17 

1.00 

-. 87348907E-17 

-.404989855-19 

.873498465-17 

2.00 

-.87525778E-17 

-.56483604E-19 

.875276005-17 

5.00 

-.87796178E-17 

-.83228622E-19 

.878001235-17 

10.00 

-.87946095E-17 

-  .  12696343E-18 

.879552585-17 

20.00 

-.88123611E-17 

-.22211580E-18 

.881515985-17 

50.00 

-. 88679834E-17 

-.  50018003E-18 

.888207805-17 

100.00 

-.89544104E-17 

-.969500585-18 

.900674175-17 

200.00 

-.96131202E-17 

-.219607125-17 

.986077115-17 

500.00 

-. 13819228E-16 

-.983988725-18 

.138542155-16 

1000.00 

-. 128328375-16 

.362499685-17 

.  133350035-16 

2000.00 

-.875070555-17 

.48286122E-17 

.999451565-17 

5000.00 

-.551472645-17 

.29920078E-17 

.627409885-17 

10000 .00 

-. 47099959E-17 

.16739434E-17 

.499861455-17 

A31 


C  111  Z )  OF  A  V.  M.  D. 

R  =  .OOE-99  Sl=  .2000E-00  S2=  .2000E-02  L)=  .40E  +  04  E=  .loE  +  06 

N(2>0)=  .20000000E-14 


T 

REAL  HZ 

I  MAG.  HZ 

ABS.  HZ 

.10 

, 21349200E-16 

,21047211E-16 

.29979550E“16 

.20 

. 30190100E-16 

.29589157E-16 

.42272453E-16 

.50 

.47724100E-16 

.46230724E-16 

.66444484E-16 

1.00 

. 67474400E-16 

.64639369E-16 

. 93440048E-16 

2.00 

. 96496500E-16 

. 88800315E-16 

.13113759E-15 

5.00 

. 14073820E-15 

. 12850045E-15 

. 19057703E-15 

10.00 

. 17205230E-15 

.19579786E-15 

.26065071E-15 

20.00 

.23667560E-15 

. 33495427E-15 

.41013375E-15 

50.00 

. 50593290E-15 

.62118505E-15 

.80114853E-15 

100.00 

.91528340E-15 

.77326635E-15 

. 11982005E-14 

200.00 

. 13772349E-14 

.72838315E-15 

, 15579852E-14 

500.00 

. 17864976E-14 

.46707445E-15 

. 18465460E-14 

1000.00 

. 19237492E-14 

.27875003E-15 

. 19438396E^14 

2000.00 

. 19759599E-14 

.15050679E-15 

.19816835E-14 

5000.00 

. 19944886E-14 

.62967725E-16 

, 19954823E“14 

10000.00 

. 19981878E-14 

.32251456E-16 

. 19984480E-14 

R  =  .20E-00 

Sl=  .2000E-00  S2=p 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

N{2»0)=  .17769398E-14 

T 

REAL  HZ 

IMAG.  HZ 

ABS.  HZ 

.10 

, 17494000E-16 

. 17271179E-16 

.24583198E-16 

.20 

. 24738900E-16 

.24294979E-16 

. 34673608E-16 

.50 

. 39109000E^16 

. 38G03712E-16 

.54532522E-16 

1.00 

.55296700E‘-16 

.53207651E-16 

.76738380E-16 

2.00 

.79107600E-16 

.73243880E-16 

. 10780852E-15 

5.00 

.  11539420E-15 

. 10620490E-15 

. 15682889E-15 

10.00 

. 14019850E-15 

.16204862E-15 

,21427872E-15 

20.00 

. 19005360E-15 

.27960313E-15 

.33808028E-15 

50.00 

.40826740E-15 

.53537890E-15 

.67328511E-15 

100.00 

.76286300E-15 

.68845441E-15 

.  10275842E-14 

200.00 

.  11831870E-"14 

.66649323E-15 

,13579928E-14 

500 .00 

.  15713573E^14 

.43658985E-15 

.  16308815E-14 

1000 .00 

. 17014623E-14 

,26131023E-15 

.  17214113E-14 

2000.00 

.  17521094E-14 

.14331561E-15 

. 17579609E-14 

5000.00 

.  17719723E-14 

.60232757E-16 

. 17729956E-14 

10000.00 

.  17754373E-14 

.30523883E-16 

.  17756996E-14 

R  =  .30E+01 

Sl=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

N(2»0)=-.22135945E-16 

T 

REAL  HZ 

IMAG.  HZ 

ABS.  HZ 

.10 

84385000E-19 

-.84434675E-19 

.11937353E-18 

.20 

-. 11934200E-18 

-.11943250E-18 

.  16883908E-18 

.50 

-. 18872800E-18 

-.  18889501E-18 

.26701981E-18 

1.00 

-. 26687500E-18 

-.26778590E-18 

.  37806289E-18 

2.00 

-. 38258400E-18 

-.37560499E-18 

.53614329E-18 

5.00 

-. 55926900E-18 

-.55750119E-18 

.78967676E-18 

10.00 

-.64832500E-18 

-.85363732E-18 

.10719243E-17 

20.00 

-.72773100E-18 

-. 15012673E-17 

, 16683512E-17 

50.00 

78268400E-18 

-.34613961E-17 

.35487824E-17 

100.00 

-. 70959300E-18 

-.76219350E-17 

.76548948E-17 

200.00 

~.62468660E-17 

-.17092902E-16 

.  18198643E“16 

500.00 

-. 27358012E-16 

-.  15555217E-16 

.31471027E-16 

1000.00 

-. 31744096E-16 

-.38133709E-17 

.  31972320E-16 

2000,00 

-.28190227E-16 

.20451163E-17 

.28264313E-16 

5000.00 

-.24107530E-16 

.25454967E-17 

.24241545E-16 

10000.00 

-.22850178E-16 

,16613346E-17 

,22910492E-16 

A32 


HZ  V.M.D. 

R  =  .50E+01 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

N ( 2  »0) =-.56725903E-17 

T 

REAL  HZ 

IMAG.  HZ 

ABS.  fiZ 

.10 

. 31056000E-20 

-.92398646E-20 

.97478125E-20 

.20 

-.71650000E-21 

-.13065752E-19 

. 13085383E-19 

.50 

-. 83090000E-20 

-.20652605E-19 

.22261391E“19 

1  .Oo 

-.  16867400E-19 

-.29258814E-19 

. 33772582E-19 

2.00 

-. 29518400E-19 

-.41003530E-19 

.50523513E-19 

5.00 

-.48840300E-19 

-.60900053E-19 

.78065302E-19 

10.00 

-. 58966600E-19 

-.93162464E-19 

. 11025563E-18 

20.00 

-.68311700E-19 

-. 16269451E-18 

. 17645393E-18 

50.00 

-.84083900E-19 

-.36651433E-18 

.376O3570E-18 

100.00 

“.49680000E-19 

-.65683605E-18 

.65871215E^18 

200.00 

.41711490E-18 

-.  15989267E-17 

.  16524380E^17 

500,00 

-.21862384E-17 

-.58125456E-17 

.62100985E-17 

1000.00 

-. 72504855E-17 

-.48729947E-17 

.87358810E-17 

2000.00 

-.87637813E-17 

-.15949791E-17 

.89077393E-17 

5000.00 

-. 77890556E-17 

. 32083186E-18 

.77956603E-17 

10000.00 

-.71529027E-17 

.45827449E-18 

.71675680E-17 

E{X)=0  AT  THETA=0  AND  90  DEGREES 
E(X)=0  AT  R=0  FOR  ALL  ANGLES 


A  3  3 


r(X)  H.  M.  |). 


R  =  .20E-00  Sl=  .20UUL>00  S2= 
THETA=  .  29999999E  +  82l)EGREES 

.2000E-02  0= 

N(1,0)=  .94286599E-10  N(0»1) 

=  .97097000E-06 

T 

REAL  EX 

I  MAG.  EX 

.10 

. 13013855E-17 

-.13371199E-17 

.20 

. 91366401E-18 

-.94268348E-18 

.50 

. 56962233E-18 

-. 59430661E-18 

1.00 

. 39711481E-18 

-. 41946671 E- 18 

2.00 

.27162192E-18 

-.29952674E-18 

5.00 

. 1 5652954E“1 8 

-. 17456701E-18 

10.00 

. 11899918E-18 

-. 10800480E-18 

20.00 

. 10013506E-18 

-.76668079E-19 

50.00 

. 68626548E-19 

-.65757237E-19 

100.00 

. 38183256E-19 

-.55539786E-19 

200 . 0  0 

. 15718870E-19 

-. 38466750E-19 

500.00 

. 35502449E-20 

-. 17483000E-19 

1000.00 

. 13966401E-20 

-. 10078641E-19 

2000.00 

-. 26659463E-21 

-.49470187E-20 

5000.00 

.22131251E-22 

".  17156152E-20 

10000.00 

. 71668843E-22 

-  .91937544E-21 

R  =  .20E-00  Sl=  .2000E-00  S2= 
THETA=  . 59999996E+02DEGREES 

.2000E-02  D= 

T 

REAL  EX 

I  MAG,  EX 

.10 

. 13013855E-17 

13371199E~17 

. 91366404E-18 

-,94268351E-18 

•  5  0 

. 56962235E-18 

-,59430663E-18 

1.00 

. 39711483E-18 

-,41946673E-18 

2.00 

.27162193E-18 

-.29952675E-18 

5.00 

. 15652954E-18 

17456702E-18 

10.00 

. 11899919E-18 

-. 10800481E-18 

20.00 

. 10013506E-18 

-.76668081E-19 

50.00 

. 68626550E-19 

-.65757239E-19 

100.00 

. 38183258E-19 

-. 55539788E-19 

200,00 

. 15718870E-19 

-. 38466751E-19 

500. OU 

. 35502450E-20 

17483000E-19 

1000.00 

. 13966402E-20 

10078641E-19 

2000,00 

26659464E-21 

-.49470188E-20 

5000.00 

. 22131252E-22 

17156153E-20 

10000.00 

. 71668845E-22 

-.91937548E-21 

R  =  .30E+01  Sl=  .2000E~00  52= 
THETA=  . 29999999E+02DEGREES 

.2000E-02  D= 

N(1,0)=  .31622778E-11  N(0,1) 

=  .22792410E-05 

T 

REAL  EX 

I  MAG.  EX 

.10 

. 10371650E-17 

10390945E-17 

.20 

. 73284374E-18 

-.73479178E-18 

.50 

.46276597E-18 

-.46467663E-18 

1.00 

. 32733298E-18 

-.  32856801E-18 

2.00 

.22885164E-18 

-.23543918E-18 

5.00 

. 13529431E-18 

13762491E-18 

10.00 

. 10350534E-18 

-. 80287584E-19 

20.00 

.91282041E-19 

-.46422388E-19 

50.00 

.84140557E-19 

-.26803277E-19 

100.00 

200.00 

. 81455138E-19 

-.24184900E-19 

. 74773951E-19 

-. 35077433E-19 

500.00 

. 39046427E-19 

-.45406423E-19 

1000.00 

. 15005480E-19 

-.33323589E-19 

2000.00 

.45438336E-20 

-.19255330E-19 

5000.00 

.79535363E-21 

-.81262144E-20 

10000.00 

. 20309913E-21 

-.41008605E-20 

AOL  +  04  E=  .lOC-l-06 


ADSe  CX 
. 18658761E-17 
.  13127962E-17 
.82320711E-18 
.57762660E-18 
.40434481E-18 
.23446777E-18 
.  16070420E-18 
.12611512E-18 
.95045343E-19 
.67399026E-19 
.41554466E-19 
.  17839829E--19 
.  10174949E-19 
.49541968E-20 
.  17157579E-20 
.  92216463E-21 
40E+04  E=  .lOE+06 

ABS«  EX 
,  18658761E-17 
. 13127962E-17 
.82320713E-18 
. 57762663E~18 
,40434482E-18 
.23446778E-18 
. 16070421E-18 
o 12611512E-18 
. 95045346E-19 
.67399030E-19 
.41554466E”19 
.  17839829E~19 
. 10174949E-19 
.49541969E-20 
.  17i57580E-20 
.92216467E-21 
40E+04  E=  .loE+06 


ABS.  EX 
. 14681378E-17 
. 10377759E-17 
•65580234E-18 
.46379286E-18 
. 32833623E-18 
.  19299006E-18 
. 13099408E-18 
. 10240824E-18 
.88306562E-19 
.84969693E-19 
.82592796E-19 
.59886281E-19 
. 36546217E-19 
.  19784189E-19 
.81650442E-20 
.41058867E-20 


A34 


c  r(X)  ti. 

R  .30E+01 

M.  0. 

Sl=  .2000E“00  S2= 

.2000L-02  0=  . 

40L-I-04  E=  .10LH06 

T  I  IE  rA=  .  39999996E  +  02L)EGREES 
N(l-.0)=  .316227789-11  N(0»1) 

=  .22792410E-05 

T 

REAL  EX 

imag.  i-x 

ABS.  EX 

.10 

.  10371651E‘-17 

-. 10390945E-17 

. 14681378E-17 

.20 

. 73284377F“1B 

- .73479181E~18 

.  10377759E-17 

.50 

.46276598E-18 

-.46467665E-18 

.65580236E-18 

1.00 

.  32733299E‘-18 

-.32856802E-18 

.46379287E-18 

2.00 

.22885165E-18 

-.23543919E-18 

. 32833624E-18 

5.00 

. 13529431E-18 

-.  13762492E-18 

.  19299007E-18 

10.00 

. 10350534E-18 

-.  80287587E-19 

. 13099408E-18 

2o .  0  0 

. 91282044E-19 

-.46422389E-19 

. 10240824E-18 

50.00 

.84140560E-19 

-.26803278E-19 

.88306565E-19 

100.00 

.81455141E-19 

-.24184900E-19 

.84969696E-19 

200.00 

. 74773954E-19 

-.35077434E-19 

.82592799E-19 

500 .00 

. 39046428E-19 

-.45406424E-19 

.59886282E-19 

1000.00 

. 15005481E-19 

-.33323590E-19 

. 36546218E-19 

2000.00 

.45438338E-20 

-. 19255330E-19 

. 19784189E-19 

5000 .00 

. 79535366E-21 

-.81262147E-20 

.81650445E-20 

10000.00 

.  20309914E-21 

-.41008606E-20 

.41058868E-20 

R  =  .50E+01 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40L+04  E=  .lOE+06 

THETA=  .  29999999E+02L)EGREES 
N(1,0)=  .75429281E-12  N(0,1) 

=  .16077678E-05 

T 

REAL  EX 

IMAG.  EX 

ABS.  EX 

.10 

. 26473433E-18 

-.26160258E-18 

.37218297E-18 

.20 

. 18714078E-18 

-.  18565542E-18 

.26360881E-18 

.50 

.  1 1827734E-18 

-.11779910E-18 

. 16693159E-18 

1.00 

.83747369E-19 

-.83443112E-19 

.  1 1822171E-18 

2.00 

. 58638187E-19 

-.59871338E-19 

.  83803425E-19 

5 .00 

. 34745768E-19 

35025035E-19 

.49335803E-19 

10.00 

. 26612305E-19 

-.20378328E-19 

.33518517E-19 

20.00 

.23494742E-19 

-.11655420E-19 

.26226927E-19 

50.00 

. 21599268E-19 

-.64798936E-20 

.22550330E-19 

100.00 

. 20369190E-19 

-.50413301E-20 

.20983777E-19 

200.00 

, 19800461E-19 

-.47758206E-20 

.20368277E-19 

500.00 

.  17108007E-19 

-.97530570E-20 

.  19692791E-19 

1000.00 

. 93440904E-20 

“.11217746E-19 

. 14599652E-19 

2000.00 

. 34472907E-20 

80347249E-20 

.87430324E-20 

5000.00 

,67441465E-21 

37309888E-20 

.37914524E-20 

10000.00 

. 17765497E-21 

-.  19193793E-20 

.  19275834E-20 

R  =  .50E+01 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  .  59999996E4-02DEGREES 

T  REAL  EX 

IMAG.  EX 

ABS.  EX 

o 

1 — 1 

• 

. 26473434E-18 

-.26160259E-18 

. 37218299E-18 

.20 

.  18714078E-18 

-.  18565543E-18 

.26360882E-18 

.50 

.  11827734E-18 

-.11779910E-18 

. 16693159E-18 

1.00 

.83747372E-19 

-.83443115E-19 

. 11822171E-18 

2.00 

.58638189E-19 

-.59871340E-19 

.83803428E-19 

5.00 

. 34745769E-19 

-.35025036E-19 

.49335804E-19 

10.00 

.26612306E-19 

-.20378329E-19 

.33518518E-19 

20.00 

.23494743E-19 

-.11655421E-19 

.26226928E-19 

50.00 

. 21599269E-19 

-.64798938E-20 

.22550331E-19 

100.00 

.20369191E-19 

-. 50413303E-20 

.20983778E-19 

200.00 

. 19800461E-19 

-.47758208E-20 

.20368277E-19 

500.^00 

. 17108007E-19 

-.97530574E-20 

. 19692791E-19 

1000.00 

.93440907E-20 

-.11217746E-19 

. 14599652E-19 

2000.00 

. 34472909E-20 

“.80347252E-20 

.87430328E-20 

5000.00 

.67441468E-21 

-.37309889E-20 

. 37914526E-20 

lOOOU.OO 

. 17765497E-21 

-.19193794E-20 

. 19275835E-20 

A35 


C  E  (  Y  )  1 

1.  M.  D. 

R  =  .OOE-99 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

N(1,0)=  .  lOOJOOOOE-09 

T 

REAL  EY 

IMAG.  EY 

AB5.  EY 

.  1  0 

-.27804274E-16 

.28102535E-16 

.39532646E“16 

.20 

-. 19573482E-16 

.19870684E-16 

. 27892028E-16 

.50 

-.  12269328E-16 

. 12565502E-16 

. 17562125E-16 

1.00 

-.86066250E-17 

.88837485E-17 

. 12369113E-16 

2.00 

-. 59423795E-17 

.63569920E-17 

.87019090E-17 

5.0  0 

-. 34590820E-17 

.37107081E-17 

. 50729284E-17 

10.00 

-.26401554E-17 

.22349184E-17 

«  34590865E-17 

20.00 

-.22937039E-17 

.14701664E-17 

.27244204E“17 

50.00 

-.  18507827E-17 

. 12171338E-17 

.22151323E-17 

100.00 

-. 13135360E-17 

. 1 1840813E-17 

. 17684527E-17 

200.00 

-. 73533545E-18 

. 10050115E-17 

. 12452976E-17 

500.00 

-. 24164020E-18 

,60460390E-18 

.65110357E-18 

1000.00 

-. 83630415E-19 

.35161573E-18 

. 36142448E“18 

2000.00 

-.25151630E-19 

. 18748909E-18 

. 18916860E-18 

5000.00 

50095505E-20 

. 77383480E-19 

.77545460E-19 

10000.00 

-. 14625058E-20 

.39157141E-19 

. 39184443E-19 

R  =  .20E-00 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+OG 

THETA=  . OOOOOOOOE-99DEGREES 

N(0,1)=  .97097000E-06  N{1,0) 

=  .94286599E-10 

T 

REAL  EY 

IMAG.  EY 

AB5.  EY 

.10 

.23221127E-16 

-.23425124E-16 

. 32984194E-16 

.20 

. 16355942E-16 

16566492E-16 

.23280152E-16 

.50 

. 10263546E-16 

-. 10478339E-16 

. 14667514E-16 

1.00 

. 72084307E-17 

-.74091668E-17 

. 10337176E-16 

2.00 

.49861962E-17 

-.53035104E-17 

.72793801E-17 

5.00 

. 29081462E-17 

-.30964597E-17 

.42479850E-17 

10.00 

.22213876E-17 

-. 18546204E-17 

.28938174E-17 

20.00 

. 19416244E-17 

1 1998997E-17 

.22824689E-17 

50.00 

. 16101212E-17 

-.98556870E-18 

.  18878124E-17 

100.00 

. 11799267E-17 

-.98870322E-18 

. 15394028E-17 

200,00 

.68110607E-18 

-.87044248E-18 

. 11052490E-17 

500.00 

. 22809380E-18 

-. 54219329E-18 

.58821793E-18 

1000.00 

. 80072102E-19 

-. 31624270E-18 

. 32622230E-18 

2000 .00 

. 25933837E-19 

-. 17078978E-18 

. 17274753E-18 

5  uOO . 0  0 

.47830810E-20 

-.71267683E-19 

.71428008E-19 

10000.00 

.  12328624E-20 

-. 35874642E-19 

.35895818E-19 

R  =  .20E-00 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 29999999E+02DEGREES 

T 

REAL  EY 

IMAG.  EY 

AB5.  EY 

.10 

. 23972483E-16 

-.24197072E-16 

. 34061388E-16 

.20 

. 16883446E-16 

17110781E-16 

.24038086E“16 

.50 

. 10592419E-16 

10821442E-16 

.  15142752E-16 

1.00 

. 74377053E-1 7 

-.76513422E-17 

, 10670636E-16 

2.00 

. 51430174E-17 

-.54764402E-17 

.75127907E-17 

5.00 

.29985186E-17 

-. 31972441E-17 

.43833187E-17 

10.00 

.  22900918E-17 

-. 19169772E-17 

,29865234E-17 

20.00 

.  19994374E-17 

-. 12441639E-17 

.23549296E-17 

50.00 

. 16497429E-17 

-. 10235336E-17 

. 19414614E-17 

100.00 

. 12019719E-17 

-.  10207690E-17 

.  15769292E-17 

200.00 

.69018138E-18 

-,89265128E-18 

. 11283512E-17 

500.00 

. 23014355E-18 

-. 55228711E-18 

.59832023E-18 

1000.00 

.80878460E-19 

-. 32206161E-18 

. 33206174E-18 

2000.00 

.25779917E-19 

-.17364595E-18 

. 17554919E-18 

5000.00 

.47958586E-20 

-.72258195E-19 

.72417172E-19 

10000.00 

. 12742404E-20 

-. 36405444E-19 

. 36427736E-19 

^000E“0<i  L)=  .40L  +  0A  L'-  .iQL  +  OO 


C  1  (  )  n 

t«  M  •  1)  rt 

R  -  .20E-'00 

Sl=  •^000E"00  52= 

.  2000E-02  L)  = 

THETA=^  .  ‘39999996E  +  02nEGREES 
iM(0»l)=  .O7097000F-06  N(1,0) 

=  .942R6599E-10 

T 

REAL  EY 

IMAG.  EY 

.  1  0 

.25475192E-16 

-.25741045E-16 

.20 

.  17938453E-16 

-. 18199278E-16 

.50 

.  1  1250161E-16 

-.  1  1507680E-16 

1.00 

. 78962536E-17 

-.81357006E-17 

2.00 

. 54566590E-17 

-.58222960E-17 

5.00 

. 31792631E-17 

-. 33988144E-17 

10.00 

.24275002E-17 

-.20416900E-17 

20.00 

. 21150634E-17 

-. 13326918E-17 

50.00 

. 17289859E-17 

-.  10994632E-17 

100.00 

. 12460620E-17 

-. 10849007E-17 

200.00 

. 70833192E-18 

-.93706884E-18 

500.00 

. 23424301E-18 

-. 57247473E-18 

1000.00 

.82491153E-19 

-  .  33369942E-18 

2000.00 

. 25472079E-19 

17935826E-18 

5000.00 

.48214137E-20 

-.74239218E-19 

10000.00 

. 13569964E-20 

-. 37467046E-19 

R  =  .20E-00 

Sl=  .2000E-00  S2= 

.2000E-02  D= 

THETA=  . 89999992E+02DEGREES 

T 

REAL  EY 

IMAG.  EY 

.10 

. 26226547E-16 

-.26513070E-16 

.20 

. 18465957E-16 

-. 18743566E-16 

.50 

.  11579032E-16 

-. 1 1850800E-16 

1.00 

.81255279E-17 

-.83778838E-17 

2.00 

.56134802E-17 

-.59952337E-17 

5.00 

. 32696356E-17 

-.34996019E-17 

10.00 

. 24962044E-17 

-.21040476E-17 

20.00 

.21728763E-17 

-. 13769563E-17 

50.00 

.  17686074E-17 

-. 11374282E-17 

100.00 

.  12681071E-17 

-.  11169667E-17 

200.00 

. 71740723E-18 

-.95927768E-18 

500.00 

.23629272E-18 

-. 58256854E-18 

1000.00 

.83297503E-19 

-. 33951833E-18 

2000.00 

.25318161E-19 

-.18221443E-18 

5000.00 

.48341912E-20 

-.75229728E-19 

10000.00 

. 13983745E-20 

-.37997848E-19 

R  =  .30E+01 

Sl=  .2000E-00  S2= 

.2000E-02  D= 

THETA=  . OOOOOOOOE-99DEGREES 
N(0,1)=  .22792410E-05  N{1,0) 

=  .31622778E-11 

T 

REAL  EY 

IMAG.  EY 

.10 

-.  15074789E-17 

.15108804E-17 

.20 

-. 10649737E-17 

. 10683971E-17 

.50 

-.67226198E-18 

.67568342E-18 

1.00 

-.47533074E-18 

.47775968E-18 

2.00 

-. 33212919E-18 

.34232934E-18 

5.00 

-. 19617502E-18 

. 20011150E-18 

10.00 

-.  15001356E-18 

.1 1687691E-18 

20.00 

-.  13223834E-18 

.67864991E-19 

50.00 

-.  12205051E-18 

. 39780747E-19 

100.00 

-. 11909252E-18 

. 37811424E-19 

200.00 

-. 10656548E-18 

.59336256E-19 

500.00 

-.42840972E-19 

. 70206670E-19 

1000.00 

-. 96995867E-20 

.44085253E-19 

200O.00 

-.47887921E-21 

.21637430E-19 

5000.00 

.48768377E-21 

.78121455E-20 

10000.00 

.22353599E-21 

.37013269E-20 

ABS.  EY 
. 36215036E-16 
.25533900E-16 
. 16093253E-16 
.11337567E-16 
.79796151E-17 
.46339932E-17 
.31719481E-17 
.24999121E-17 
.20489337E-17 
. 16521743E-17 
.  11746625E-17 
.61854433E-18 
,34374422E-18 
.18115797E~18 
.74395614E-19 
. 37491611E-19 
40E+04  E=  .loE+06 

ABS.  EY 
. 37293090E-16 
.26311838E-16 
. 16568507E-16 
. 1 1671038E-16 
.82130376E-17 
.47893350E-17 
. 32646672E-17 
a25724307E-17 
.21027874E-17 
. 16898846E-17 
.  11978676E-17 
.62866553E-18 
. 34958714E-18 
. 18396496E-18 
.75384888E-19 
. 38023570E-19 
40E+04  E=  •lOE+06 


ABS.  £Y 
.21343036E-17 
.  15085229E-17 
.95314440E-18 
.67393888E-18 
.47696874E-18 
.28023070E-18 
. 19016908E-18 
. 14863591E-18 
.  12836991E-18 
. 12495091E~18 
.  12197127E-18 
.82245519E-19 
.45139687E-19 
.21642728E-19 
.78273528E-20 
. 37080707E-20 
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C  E(V)  H.  M.  I). 


R  =  .30E  +  01  Sl=  ,2000E-00  S2=  .2000E-02  .40E-»-04  E=  .lOE  +  06 

THETA=  . 2 999999 9E+02 DEGREE 5 

N(0,1)=  .22792410E-09  N(1,0)=  .  3  1 622 7 78 E - 1 1 


T 

REAL  EY 

IMAG.  EY 

AB5.  EY 

.10 

-. 90867126E-18 

.91095906E-18 

.  12866739E-17 

.20 

-. 64186613E-18 

.64416188E-18 

.90936057E“18 

.50 

-,40508390E-18 

.40739908E-18 

.57451456E-18 

1.00 

-. 28634495E-18 

.28806165E-18 

.40616861E-18 

2.00 

-. 20000162E-18 

.20639788E-18 

.28740343E-18 

5.00 

-.  11806283E-18 

.12065387E-18 

.  16880813E-18 

10.00 

-. 90254726E-19 

. 70522737E-19 

. 11453982E-18 

20.00 

-. 79536626E-19 

.41063015E-19 

.89511150E-19 

50.00 

-. 73471932E-19 

.24305856E-19 

.77387979E-19 

100. OD 

-. 72064374E-19 

.23848258E-19 

.75907927E-19 

200.00 

-.63394716E-19 

.39084291E-19 

.74474638E-19 

500.00 

-. 20297507E-19 

.43991258E-19 

.48448111E-19 

1000.00 

-. 10361679E-20 

.24845870E-19 

.24867466E-19 

2000.00 

. 2 1445049E-20 

, 10520361E-19 

.  10736708E-19 

5000.00 

.94688148E-21 

.31204732E-20 

.32609717E-20 

10000.00 

. 34079530E-21 

.13336940E-20 

. 13765468E-20 

R  =  .30E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 59999996E+02DEGREES 

T 

REAL  EY 

IMAG.  EY 

AB5.  EY 

.10 

. 28894357E-18 

-.28887120E-18 

.40857673E-18 

.20 

. 20434879E-18 

-. 20428755E-18 

.28894953E-18 

.50 

. 12927214E-18 

-. 12916314E-18 

. 18274135E-18 

1.00 

. 91626554E-19 

-.91332765E-19 

. 12937194E-18 

2.00 

. 64253451E-19 

-.65464011E-19 

.  91728091E-19 

5.00 

.38161565E-19 

-.38261037E-19 

. 54038985E-19 

10.00 

.29262927E-19 

-.22185413E-19 

.36722083E-19 

20.00 

.25866777E-19 

-.12540936E-19 

.28746569E-19 

50.00 

.23685202E-19 

-.66438396E-20 

.24599377E-19 

100.00 

.21991906E-19 

-.40780212E-20 

.22366809E-19 

200.00 

. 22946791E-19 

-.14196274E-20 

.22990662E-19 

500.00 

. 24789414E-19 

-. 84395538E-20 

.26186659E-19 

1000.00 

.  16290665E-19 

-.13632807E-19 

.21242442E-19 

2000 .00 

, 73912707E-20 

1  1713772E-19 

.  13850751E--19 

5000.00 

.  18652766E-20 

-.62628691E-20 

o65347367E-20 

10000.00 

, 57531394E“21 

-.34015708E-20 

. 34498797E-20 

R  =  .30E+01 

51=  «2000E“00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 89999992E+02DEGREES 

T 

REAL  EY 

IMAG.  EY 

AB5.  EY 

.  1  0 

,88775121E-18 

88878947E-18 

.  12562041E-17 

.20 

.62745638E-18 

-.62850811E-18 

.88810131E-18 

.50 

. 39645023E-18 

~. 39744133E-18 

.56136653E-18 

1.00 

. 28061237E-18 

-.28103088E-18 

. 39714185E-18 

2.00 

. 19638102E-18 

-.20139413E-18 

.28129184E-18 

5,00 

.  11627378E-18 

-. 1 1771867E-18 

. 16546080E-18 

10.00 

. 89021775E-19 

-.68539320E-19 

. 11234996E-18 

20.00 

. 78568493E-19 

-.39342917E-19 

,87868499E-19 

50,00 

.72263785E-19 

-.22118674E-19 

.75573079E-19 

100.00 

.  69o'20062E-19 

-. 18041193E-19 

.71339004E-19 

200.00 

.66117559E-19 

-.21671594E-19 

.69578656E~19 

500.00 

,  47332884E-1:9 

-. 34654968E-19 

.58663180E-19 

1000.00 

. 24954083E-19 

-. 32872271E-19 

.41270963E-19 

2000.00 

.  10014655E-19 

-.22830842E-19 

.24930717E-19 

5000.00 

. 23244743E~20 

-. 10954542E-19 

.  11198444E-19 

10000.00 

.69257329E-21 

57692039E-20 

.  58106256E-20 

J, 


!■ 


"*  ,  '  >  I  i  ■„ 


>'  i  •■■■:;  O'? of: T 
f  f  f'o'f  f 

f  i  „ 

\  ;•  , 
■"  '  /  S; 

'■■f  f  ?'  ^ :: 


A38 


E(Y) 

R  =  .SOL+Ol  51=  .20U0E-00  S2=  .2000E-02  D=  .40E-t-04  E=  .lOE  +  06 
THETA=  . JOOOOOOOE-99DEGREES 

N(0,1)=  .  16Q77678E-05  iM(l»0)=  .  7  5  42  92  8 1  E  - 1 2 


T 

REAL  EY 

I  MAG.  EY 

AB5.  EY 

.  10 

-. 39949259E-18 

.39210153E-18 

.55976596E-18 

.20 

-. 28238303E-18 

,27882616E-18 

. 39684279E-18 

.50 

-. 17844955E-18 

.17724468E-18 

.25151524E-18 

1.00 

-. 12633304E-18 

. 1 2566419E-18 

.  17819014E-18 

2.00 

-. 88437178E-19 

. 90222863E-19 

.  12633803E-18 

5.00 

-. 52385599E-19 

. 52807079E-19 

.74383053E-19 

10.00 

-.40114788E-19 

. 30742809E-19 

.50540246E-19 

20.00 

-. 35406079E-19 

.17613794E-19 

.39545367E-19 

50.00 

-. 32522424E-19 

.98556396E-20 

. 33982961E-19 

100.00 

-. 30660897E-19 

.76638074E-20 

. 31604185E-19 

200.00 

-. 30262823E-19 

.74391470E-20 

.31163750E-19 

500.00 

-. 25074772E-19 

.16959600E-19 

. 30271640E-19 

1000.00 

-.  11201027E-19 

. 17940475E-19 

.21150027E-19 

2000.00 

-. 27334055E-20 

.11240581E-19 

. 11568152e~19 

5000.00 

-.  11029988E-21 

.44328404E-20 

.44342124E-20 

10000.00 

.55415100E-22 

.21030402E-20 

.21037701E-20 

R  =  .50E+01 

Sl=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+OS 

THETA=  . 29999999E+02DEGREES 

T 

REAL  EY 

IMAG.  EY 

ABS.  EY 

.10 

-. 24664815E-18 

.24106403E-18 

. 34488718E-18 

.20 

-. 17433724E-18 

. 17163737E-18 

.24464844E-18 

.50 

11016211E-18 

. 10923310E-18 

. 15513722E-18 

1.00 

-. 77982286E-19 

.77488187E-19 

,  10993478E-18 

2.00 

-. 54582402E-19 

,55656082E-19 

.77954076E-19 

5.00 

-. 32325121E-19 

.32585354E-19 

.45899005E-19 

10.00 

-. 24750167E-19 

.18977370E-19 

.31188320E-19 

20.00 

-.21841382E-19 

• 10884531E-19 

.24403257E-19 

50.00 

-. 20052080E-19 

.61144691E--20 

.20963602E-19 

100.00 

18900740E-19 

.47531929E-20 

. 19489248E-19 

200.00 

-.  18831020E-19 

•46818252E-20 

. 19404298E-19 

500.00 

-. 15197461E-19 

. 1 1328670E-19 

. 18955252E-19 

1000.00 

58062144E-20 

. 1 1463906E-19 

.  12850418E-19 

2000 .00 

-. 74311092E-21 

.66017298E-20 

.66434214E-20 

5000.00 

, 27907362E-21 

.22787527E-20 

.22957778E-20 

10000 .00 

o  15798425E-21 

.99488590E-21 

. 10073514E-20 

R  =  .50E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  .  59999996E+02L)EGREES 

T 

REAL  EY 

IMAG.  EY 

ABS.  EY 

.10 

, 59040677E-19 

~.61004664E~19 

.84896233E-19 

.20 

.41754279E-19 

-.42737067E-19 

. 59748445E“19 

.50 

. 26412775E-19 

-.26788787E-19 

. 37620123E-19 

1.00 

.  18720832E-19 

-.18863260E-19 

.26576157E-19 

2.00 

. 13127130E-19 

-. 13477203E-19 

. 18813732E-19 

5.00 

.77958281E-20 

-.78580157E-20 

.11069026E-19 

10.00 

. 59790707E-20 

-.45534684E-20 

.75155412E-20 

20.00 

.  52880058E-20 

-.25739740E-20 

.58811858E-20 

50.00 

. 48886031E-20 

-. 13678594E-20 

.5o763647E~20 

100.00 

. 46195720E-20 

10680298E-20 

.47414272E-20 

200.00 

. 40325798E-20 

-.83281500E-21 

.41 176789E-20 

500.00 

.45571620E-20 

.66812349E-22 

.45576515E-20 

1000.00 

.49834103E-20 

-. 14892282E-20 

.52011708E-20 

2000.00 

. 32374769E-20 

-.26759700E-20 

.42002466E-20 

5000.00 

.  10578204E-20 

-.20294213E-20 

.22885661E-20 

10000.00 

. 36312250E-21 

-.12214220E-20 

.12742564E-20 
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A39 


E(Y)  M.M.i). 

R  =  .50E4-01  Sl=  .2000E-00  S2=  .2000E-02  0=  .40E  +  0A  E=  .lOE  +  06 


THETA=  . RQ999^92E+02DEGREES 


N  (  0  »  1  ) 

~  • 

16077678E-05  N(1,0) 

=  .75429201E-12 

T 

REAL  EY 

I  MAG.  EY 

ABS.  EY 

.10 

.21188514E-18 

-.21204454E-18 

.29976357E-18 

.20 

. 14980008E-18 

-. 14992704E-18 

.21193909E-18 

.50 

.94700242E-19 

-.94800836E-19 

.  13399751E-18 

1 

.00 

.67072405E-19 

-.67039497E-19 

.94831438E-19 

2 

.00 

.46981906E-19 

-.48044104E-19 

.67197733E-19 

5 

o 

o 

. 

. 27856309E-19 

-.28079787E-19 

.  39553107E-19 

10 

.00 

. 21343694E-19 

-. 16318931E-19 

.  26867466E-19 

20 

.00 

. 18852705E-19 

-.93032484E-20 

.21023199E-19 

50 

.00 

. 17358949E-19 

-.51090346E-20 

. 18095174E-19 

100 

.00 

. 16379731E-19 

-.39786467E-20 

* 16856014E-19 

200 

.00 

. 15464383E-19 

-.359O1379E-20 

. 15875648E-19 

500 

.00 

. 14434477E-19 

-. 55641184E-20 

. 15469762E-19 

1000 

.00 

. 10378224E-19 

-.79657979E-20 

.  13082868E-19 

2000 

.00 

. 52277712E-20 

-.73148211E-20 

.89908953E-20 

5000 

o 

o 

. 

. 14471940E-20 

-.41835091E-20 

.44267502E-20 

10000 

o 

o 

. 

.46569166E-21 

-.23295764E-20 

.23756672E-20 

E{Z)  OF  H.MoD.  IS  0  AT  THETA=0  FOR 
ALL  R 


2000E-02  D=  .40t.  +  04  E=  .lOL-i-06 


C(Z)  OF  A  H.M.L). 


R  =  .20E-C0  S.l=  .2000E--00  52=  - 
THETA=  . 29999999E+020LGREES 
N(l»l)=  . 18857319E-1 0 


T 

REAL  EZ 

IMAG.  EZ 

ABS.  EZ 

.10 

. OOOOOOOOE-99 

. 14893443E-14 

. 148 9 3442 E- 14 

.20 

. OOOOOOOOE-99 

.744672ilE-15 

.74467210E-15 

.50 

. OOOOOOOOE-99 

.29786883E-15 

.29786883E-15 

1.00 

. OOOOOOOOE-99 

.14893443E-15 

. 14893442E-15 

2.00 

. OOOOOOOOE-99 

.74467211E-16 

.74467210E-16 

5.00 

. OOOOOOOOE-99 

.29786883E-16 

.29786883E-16 

10.00 

. OOOOOOOOE-99 

. 14893443E-16 

. 14893442E^16 

20.00 

.OOOOOOOOE-99 

. 74467211E-17 

.74467210E-17 

50.00 

.OOOOOOOOE-99 

.29786883E-17 

.29786883E-17 

100.00 

. OOOOOOOOE-99 

. 14893443E-17 

. 14893442E-17 

200.00 

. OOOOOOOOE-99 

.74467211E-18 

.74467210E-18 

500.00 

. OOOOOOOOE-99 

.29786883E-18 

.  29786883E-18 

1000.00 

. OOOOOOOOE-99 

.14893443E-18 

. 14893442E-18 

2000.00 

. OOOOOOOOE-99 

.74467211E-19 

.74467210E-19 

5000.00 

. OOOOOOOOE-99 

.29786883E-19 

.29786883E-19 

10000.00 

. OOOOOOOOE-99 

. 14893443E-19 

. 14893442E-19 

R  =  .20E-00 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 59999996E+02DEGREES 

T 

REAL  EZ 

IMAG.  EZ 

AB5.  EZ 

.  10 

.OOOOOOOOE-99 

.25796198E-14 

.25796197E-14 

.20 

. OOOOOOOOE-99 

. 12898099E-14 

. 12898099E-14 

.50 

. OOOOOOOOE-99 

.51592393E-15 

.51592392E-15 

1.00 

. OOOOOOOOE-99 

.25796198E-15 

.25796197E-15 

2.00 

. OOOOOOOOE-99 

. 12898099E-15 

. 12898099E-15 

5.00 

. OOOOOOOOE-99 

.51592393E-16 

.51592392E-16 

10.00 

. OOOOOOOOE-99 

.25796198E-16 

.25796197E-16 

20.00 

. OOOOOOOOE-99 

.12898099E-16 

.  12898099E-16 

50.00 

.OOOOOOOOE-99 

.51592393E-17 

.51592392E-17 

100.00 

.OOOOOOOOE-99 

.25796198E-17 

.25796197E-17 

200.00 

. OOOOOOOOE-99 

. 12898099E-17 

. 12898099E-17 

500.00 

.OOOOOOOOE-99 

.51592393E-18 

.  51592392E-18 

1000.00 

.OOOOOOOOE-99 

.25796198E-18 

.25796197E-18 

2000.00 

. OOOOOOOOE-99 

.  12898099E-18 

.  12898099E-18 

5000.00 

.OOOOOOOOE-99 

.51592393E-19 

.51592392E-19 

10000.00 

. OOOOOOOOE-99 

.25796198E-19 

.25796197E-19 

R  =  .20E-00 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .loE+06 

THETA=  . 89999992E+02DEGREES 

T 

REAL  EZ 

IMAG.  EZ 

AB5.  EZ 

.10 

.OOOOOOOOE-99 

.29786885E-14 

.29786885E-14 

.20 

. OOOOOOOOE-99 

. 14893442E-14 

. 14893441E-14 

.50 

.OOOOOOOOE-99 

. 59573767E-15 

.59573766E-15 

1.00 

. OOOOOOOOE-99 

.29786885E-15 

.29786885E-15 

2.00 

.OOOOOOOOE-99 

. 14893442E-15 

. 14893441E-15 

5.00 

. OOOOOOOOE-99 

.59573767E-16 

. 59573766E-16 

10.00 

.OOOOOOOOE-99 

.29786885E-16 

.29786885E-16 

20.00 

.OOOOOOOOE-99 

.14893442E-16 

. 14893441E-16 

50.00 

.OOOOOOOOE-99 

.59573767E-17 

.59573766E-17 

100 .00 

. OOOOOOOOE-99 

.29786885E-17 

.29786885E-17 

200.00 

.OOOOOOOOE-99 

. 14893442E-17 

. 14893441E-17 

500.00 

.OOOOOOOOE-99 

. 59573767E-18 

.59573766E-18 

1000.00 

. OOOOOOOOE-99 

.29786885E-18 

.29786885E-18 

2000.00 

. OOOOOOOOE-99 

. 14893442E-18 

. 14893441E-18 

5000.00 

. OOOOOOOOE-99 

.59573767E-19 

.59573766E-19 

10000.00 

. OOOOOOOOE-99 

.29786885E-19 

.29786885E-19 

i-(Z)  or  A  II. 

M.n. 

A41 

K  .30r-i-0l 

Sl=  .2000E-00  52 

=  .2000E-02  [)=  . 

40E+04  E=  .lOE+06 

THETA=  . 29999999E+02DEGREES 

N{1,1)=  .94868334E-11 

T 

REAL  EZ 

I  MAG.  EZ 

AB5.  EZ 

.  1  0 

. OOOOOOOOE-99 

.74926669E-15 

.74926668E-15 

.20 

. OOOOOOOOE-99 

.37463333E-15 

. 37463332E-15 

.50 

. OOOOOOOOE-99 

.  14985333E-15 

. 14985333E-15 

1.00 

. OOOOOOOOE-99 

.74926669E-16 

.74926668E-16 

2.00 

. OOOOOOOOE-99 

. 37463333E-16 

. 37463332E-16 

5.00 

. OOOOOOOOE-99 

.14985333E-16 

. 14985333E-16 

10.00 

.OOOOOOOOE-99 

.74926669E-17 

.74926668E-17 

20.00 

.OOOOOOOOE-99 

.37463333E-17 

. 37463332E-17 

50.00 

.OOOOOOOOE-99 

. 14985333E-17 

. 14985333E-17 

100.00 

. OOOOOOOOE-99 

.74926669E-18 

.74926668E-18 

200.00 

. OOOOOOOOE-99 

.37463333E-18 

. 37463332E-18 

500 .00 

. OOOOOOOOE-99 

. 14985333E-18 

. 14985333E-18 

1000.00 

. OOOOOOOOE-99 

. 74926669E-19 

.74926668E-19 

2000.00 

.OOOOOOOOE-99 

.37463333E-19 

. 37463332E-19 

5000.00 

. OOOOOOOOE-99 

.14985333E-19 

. 14985333E-19 

10000.00 

.OOOOOOOOE-99 

.74926669E-20 

.74926668E-20 

R  =  .3CE+01 

51=  .2000E-00  52 

=  .2000E-02  D=  . 

40L+04  E=  .lOE+OS 

THETA=  . 59999996E+02DEGREES 

T 

REAL  EZ 

IMAG.  EZ 

AB5.  EZ 

.10 

. OOOOOOOOE-99 

. 12977679E-14 

. 12977678E-14 

.20 

. OOOOOOOOE-99 

,64888394E-15 

.64888394E-15 

.50 

. OOOOOOOOE-99 

.25955357E-15 

.25955357E-15 

1.00 

. OOOOOOOOE-99 

. 12977679E-15 

. 12977678E-15 

2.00 

. OOOOOOOOE-99 

.64888394E-16 

.64888394E-16 

5.00 

.OOOOOOOOE-99 

.25955357E-16 

.25955357E-16 

iO.OO 

. OOOOOOOOE-99 

. 12977679E-16 

.12977678E-16 

20.00 

. OOOOOOOOE-99 

.64888394E-17 

.64888394E-17 

50.00 

.  OOOOOOu'OE-99 

.25955357E-17 

.25955357E-17 

100.00 

.OOOOOOOOE-99 

.12977679E-17 

. 12977678E-17 

200.00 

.OOOOOOOOE-99 

.6488839HE-18 

.64888394E~18 

500.00 

. OOOOOOOOE-99 

.25955357E-18 

.25955357E-18 

1000.00 

. OOCOOOOOE-99 

. 12977679E-18 

. 12977678E-18 

2000.00 

.OOOOOOOOE-99 

,64888394E-19 

.64888394E-19 

5000.00 

. OOOOOOCOE-99 

.25955357E-19 

.25955357E-19 

10000.00 

. OOOOOOOOE-99 

. 12977679E-19 

. 12977678E-19 

R  =  .30E+01 

51=  .2000E-00  52 

=  .2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 89999992E+02DEGREES 

T 

REAL  EZ 

IMAG.  EZ 

AB5.  EZ 

.10 

. OOOOOOOOE-99 

. 14985334E-14 

. 14985334E-14 

.20 

.  OOOOOOOOE-99 

.74926667E-15 

.74926666E-15 

.50 

. OOOOOOOOE-99 

.29970666E-15 

. 29970665E-15 

1.00 

, OOOOOOOOE-99 

. 14985334E-15 

. 14985334E-15 

2.00 

. OOOOOOOOE-99 

.74926667E-16 

.74926666E— 16 

5.00 

. OOOOOOOOE-99 

.29970666E-16 

.29970665E-16 

10.00 

. OOOOOOOOE-99 

. 14985334E-16 

. 14985334E-16 

20.00 

. OOOOOOOOE-99 

.74926667E-17 

.74926666E-17 

50.00 

. OOOOOOOOE-99 

.29970666E-17 

.29970665E-17 

100.00 

. OOOOOOOOE-99 

. 14985334E-17 

. 14985334E-17 

200.00 

. OOOOOOOOE-99 

.74926667E-18 

.74926666E-18 

500.00 

. OOOOOOOOE-99 

.29970666E-18 

.29970665E-18 

1000.00 

. OOOOOOOOE-99 

. 14985334E-18 

. 14985334E-18 

2000.00 

.OOOOOOOOE-99 

.74926667E-19 

.74926666E-19 

5000.00 

.OOOOOOOOE-99 

.29970666E-19 

.29970665E-19 

10000.00 

.OOOOOOOOE-99 

. 14985334E-19 

. 14985334E-19 

A4  2 


t:(Z)  OF  A  ii.M.n. 


R  ^  .‘30E+01  Sl=  .2000E-00  52  = 
THETA=  . 29999999E+020EGREES 
iM(l»l)=  .37714640E-1  1 

.2000E-02  L)=  . 

40E+04  L=  .lOL+06 

T 

REAL  EZ 

IMAG.  EZ 

AB5.  EZ 

.10 

. OOOOOOOOE-99 

.29786887E-15 

.29786887E-15 

.20 

. OOOOOOOOE-99 

.  14893443E-15 

.  14893442E-15 

.  5  0 

. OOOOOOOOE-99 

.59573770E-16 

.59573770E-16 

1.00 

. OOOOOOOOE-99 

.29786887E-16 

.29786887E-16 

2 .00 

.OOOOOOOOE-99 

, 14893443E-16 

.  14893442E-16 

5.00 

.OOOOOOOOE-99 

.59573770E-17 

,59573770E-17 

10.00 

. OOOOOOOOE-99 

.29786887E-17 

.  29786887E-'17 

20.00 

. OOOOOOOOE-99 

. 14893443E-17 

. 14893442E-17 

50.00 

. OOOOOOOOE-99 

.59573770E-18 

.59573770E-18 

100.00 

. OOOOOOOOE-99 

.29786887E-18 

. 29786887E-18 

200 .00 

. OOOOOOOOE-99 

. 14893443E-18 

.  14893442E-18 

500.00 

. OOOOOOOOE-99 

.59573770E-19 

.59573770E-19 

1000.00 

. OOOOOOOOE-99 

.29786887E-19 

.29786887E-19 

2000.00 

.OOOOOOOOE-99 

. 14893443E-19 

. 14893442E-19 

5000.00 

. OOOOOOOOE-99 

. 59573770E-20 

.59573770E-20 

10000.00 

. OOOOOOOOE-99 

.29786887E-20 

.29786887E-20 

R  =  .50E+01  51=  .2000E-00  52= 

THETA=  . 59999996E+02DEGREE5 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

T 

REAL  EZ 

IMAG.  EZ 

AB5.  EZ 

.10 

.OOOOOOOOE-99 

.51592398E-15 

.51592397E-15 

.20 

. OOOOOOOOE-99 

.25796199E-15 

.25796198E-15 

.50 

.OOOOOOOOE-99 

.  10318479E-15 

. 10318479E-15 

1.00 

. OOOOOOOOE-99 

.51592398E-16 

.51592397E-16 

2.00 

. OOOOOOOOE-99 

.25796199E-16 

.25796198E-16 

5.00 

. OOOOOOOOE-99 

. 10318479E-16 

. 10318479E-16 

10.00 

. OOOOOOOOE-99 

.51592398E-17 

.51592397E-17 

20.00 

. OOOOOOOOE-99 

.25796199E-17 

,25796198E-17 

50.00 

. OOOOOOOOE-99 

.  10318479E-17 

. 10318479E-17 

100.00 

. OOOOOOOOE-99 

.51592398E-18 

.51592397E-18 

200.00 

.OOOOOOOOE-99 

.25796199E-18 

.25796198E-18 

500.00 

. OOOOOOOOE-99 

. 10318479E-18 

. 10318479E-18 

1000.00 

. OOOOOOOOE-99 

.  5  1592398E-19 

.  51  592,397E-19 

2000.00 

. OOOOOOOOE-99 

.25796199E-19 

.25796198E-19 

5000.00 

. OOOOOOOOE-99 

. 10318479E-19 

. 10318479E-19 

10000.00 

.OOOOOOOOE-99 

.  5  1592398E-20 

.51592397E-20 

R  =  .50E+01  51=  .2000E-00  52= 

THETA=  . 89999992E+02DEGREE5 

.2000E-02  D=  . 

40E+04  E=  .loE+06 

T 

REAL  EZ 

IMAG.  EZ 

AB5.  EZ 

.10 

o  OOCOOOOOE-99 

.59573774E-15 

.59573773E-15 

.20 

. OOOOOOOOE-99 

.29786886E-15 

,29786886E-15 

.50 

. OOOOOOOOE-99 

.  1  1914754E-15 

. 11914753E-15 

1.00 

. OOOOOOOOE-99 

.59573774E-16 

.  59573773E-16 

2.00 

.OOOOOOOOE-99 

.29786886E-16 

. 29786886E-16 

5.00 

, OOOOOOOOE-99 

. 1 1914754E-16 

V 1 1914753E-16 

10.00 

. OOOOOOOOE-99 

.59573774E-17 

.59573773E-17 

20.00 

. OOOOOOOOE-99 

.29786886E-17 

.29786886E-17 

50.00 

. OOOOOOOOE-99 

.  1  1914754E-17 

.11914753E-17 

100.00 

. OOOOOOOOE-99 

.59573774E-18 

.59573773E-18 

200.00 

. OOOOOOOOE-99 

.29786886E-18 

.29786886E-18 

500.00 

. OOOOOOOOE-99 

. 1 1914754E-18 

. 11914753E-18 

1000.00 

.OOOOOOOOE-99 

. 59573774E-19 

.59573773E-19 

2000.00 

. OOOOOOOOE-99 

.29786886E-19 

. 29786886E-19 

5000.00 

.OOOOOOOOE-99 

.1  1914754E-19 

. 11914753E-19 

10000.00 

. OOOOOOOOE-99 

.59573774E-20 

.59573773E-20 
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C  1 1  (  X  )  1 1 .  M .  D  . 


R  =  .30E-99  51=  .20005-00  52=  .2000E-02  l)=  .405+0^  E=  .lOE+06 

N(2»0)=  . 20000000E-14 


]■ 

REAL  MX 

I  MAG.  HX 

ABS.  HX 

.  1  0 

-.  19893254E-14 

.  10523605E-16 

. 19893532E-14 

.20 

-. 19849049E-14 

. 14794578E-16 

. 19849600E-14 

.50 

-. 19761379E-14 

.231  15362E-16 

. 19762730E-14 

]  .00 

-. 19662628E-14 

.  32319684E-16 

. 19665283E-14 

2.00 

-. 19517517E-14 

.44400157E-16 

. 19522566E-14 

5.00 

-. 19296309E-14 

.64250225E-16 

. 19307002E-14 

10.00 

-. 19139738E-14 

.97898930E-16 

. 19164759E-14 

20.00 

-. 18816622E-14 

.16747713E-15 

. 18891006E-14 

50,00 

-. 17470335E-14 

.  31059252E-15 

. 17744277E-14 

100.00 

-. 15423583E-14 

.38663317E-15 

. 15900799E-14 

200.00 

-. 13113825E-14 

.36419157E-15 

. 13610141E-14 

500.00 

-. 11067512E-14 

.23353722E-15 

. 11311223E-14 

1000 .00 

-. 10381254E-14 

.  13937501E-15 

. 10474395E-14 

2000.00 

-. 10120200E-14 

.75253395E-16 

. 10148140E-14 

5000.00 

-. 10027557E-14 

.31483862E-16 

. 10032498E-14 

10000.00 

10009061E-14 

.  16125728E-16 

. 10010359E-14 

R  =  .20E-00 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  .0000 

0000E-99DEGREE5 

N(0>0)=  .98058067E-05  N(2,0)= 

.17769398E-14 

N{1,1)=  .18857319E 

T 

REAL  HX 

IMAG.  HX 

ABS.  HX 

.10 

-. 16603313E-14 

.77238890E-17 

. 16603492E-14 

.20 

-. 16570941E-14 

.  10869107E-16 

. 16571297E-14 

.50 

-. 16506728E-14 

. 17614871E-16 

. 16507604E-14 

1.00 

-. 16434390E-14 

.23842177E-16 

. 16436119E-14 

2.00 

-. 16327917E-14 

.32862471E-16 

. 16331223E-14 

5.00 

-. 16165688E-14 

.47712460E-16 

. 16172727E~14 

10.00 

-. 16057302E-14 

.72861400E-16 

. 16073824E-14 

20.00 

-. 15843490E-14 

. 12638608E-15 

. 15893820E-14 

50.00 

-. 14876105E-14 

.24677120E-15 

. 15079393E-14 

100.00 

-. 13236955E-14 

.32347510E-15 

. 13626466E-14 

200.00 

-.  11237094E-14 

.  31796542E-15 

. 1 1678290E-14 

500.00 

-. 93503078E-15 

.21113083E-15 

.95857121E-15 

1000.00 

-. 87128276E-15 

. 12622787E-15 

.88037896E-15 

2000.00 

-. 84682449E-15 

.69719920E-16 

.84968969E-15 

5000.00 

~.83646374E-15 

.29522187E-16 

.83698455E-15 

10000.00 

-.83471785E-15 

. 14863522E-16 

.83485017E-15 

R  =  .20E-00 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 29999999E+02DEGREE5 

T 

REAL  HX 

IMAG.  HX 

ABS.  HX 

.  10 

-. 17142620E-14 

.81797400E-17 

. 17142815E-14 

.20 

-. 17108322E-14 

.11508299E-16 

. 17108708E-14 

.50 

-. 17040290E-14 

. 18008365E-16 

. 17041241E-14 

1.00 

-. 16963652E-14 

.25223002E-16 

. 16965526E-14 

2.00 

-. 16850888E-14 

.34742206E-16 

. 16854469E-14 

5.00 

-. 16679057E-14 

. 50407457E-16 

. 16686672E-14 

10.00 

-. 16562854E-14 

.76942860E-16 

. 16580716E-14 

20.00 

-.  16331309E-14 

.  13309382E-15 

. 16385452E-14 

50.00 

-.  15302083E-14 

.25723033E-15 

. 15516780E-14 

100.00 

-. 13596019E-14 

.33385116E-15 

. 13999906E-14 

200.00 

-. 11545278E-14 

.32560603E-15 

.11995639E-14 

500.00 

-.96314597E-15 

.21471288E-15 

.98678861E-15 

1000.00 

-.89874573E-15 

.12844150E-15 

.90787724E-15 

2000.00 

-.87385480E-15 

. 70688870E-16 

.87670925E-15 

5000 .00 

-.86370871E-15 

.29819283E-16 

.86422330E-15 

10000.00 

-.86196951E-15 

.  15062732E-16 

.86210110E-15 

tm 
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H(X)  H.M.D. 


R  =  .20E-00  Sl=  .2000E-00  52=  .2000E-02  l)=  .AQE+OA  E=  .loE+06 

THETA=  . 59999996E+02DLGREES 


N(0,0)=  .98058067E-05  iM  (  2 , 0  ) 

=  .17769398E-1A 

M(l.l)=  .18857319E 

T 

REAL  HX 

I  MAG.  HX 

ADS.  HX 

.10 

-.  18221235E-1 A 

.9091A397L-17 

.  18221A61E-1A 

.20 

-.  1818308AE-1 A 

.12786681E-16 

.  18  183533E-1A 

.50 

-.  18107A15E-1 A 

.199953A7E-16 

.  18108518E-1A 

1.00 

-.  18022176E-1 A 

.2798A6A9E-16 

.  1002A3A8E-1A 

2.00 

-. 17896831E-1A 

. 38501675E-16 

. 17900971E-1A 

5.00 

-. 17705796E-1A 

.55797AAAE-16 

. 1771A585E-1A 

10.00 

-.  17573957E-1A 

.85105765E-16 

.  1759A551E-1A 

20.00 

-. 17306950E-1A 

. 1 A650930E-15 

.  17368851E-1A 

50.00 

-. 1615A038E-1 A 

.27814857E-15 

. 1639175AE-1A 

100.00 

-. 1A31A1A6E-1 A 

.35A60326E-15 

. 1A7A683AE-1A 

200.00 

-.  121616A7E-1 A 

.3A088721E-15 

. 12630362E-1A 

500.00 

-.  10193763E-1 A 

.22187697E-15 

. 10A32A36E-1A 

1000.00 

-.95367169E-15 

. 1328687AE-15 

.96288306E-15 

2000.00 

-.927915A5E-15 

.72626751E-16 

.93075330E-15 

5000.00 

-.91819868E-15 

. 30A13A7AE-16 

.91870223E-15 

10000.00 

-.916A7282E-15 

.15A61151E-16 

.91660322E-15 

R  =  .20E-00 

51=  .2000E-00  52= 

.2000E-02  D=  . 

AOE+OA  E=  .lOE+06 

THETA=  . 89999992E+02DEGREES 

T 

REAL  HX 

IMAG.  HX 

ABS.  HX 

.10 

-.  187605AAE-1A 

.95A72900E-17 

. 18760786E-1A 

.20 

-. 18720A66E-1A 

.13A25872E-16 

. 187209A7E-1A 

.50 

-. 186A0979E-1A 

.209888A1E-16 

. 186A2160E-1A 

1.00 

185514A0E-1A 

.29365A7AE-16 

. 1855376AE-1A 

2.00 

-. 18A1980AE-1 A 

. A0381A09E-16 

. 18A2A229E-1A 

5.00 

-.  18219167E-14 

.58A92AA0E-16 

.  18228553E-1A 

10.00 

-.  18079510E-1 A 

.89187220E-16 

. 18101A9AE-1A 

20.00 

1779A770E-1A 

.15321705E-15 

.17860609E-1A 

50.00 

-. 16580017E-1A 

.28860770E-15 

, 16829331E-1A 

100.00 

1A673211E-1A 

. 36A97931E-15 

.15120321E-1A 

200.00 

-. 12A69833E-1A 

.3A852781E-15 

. 129A7737E-1A 

500.00 

-.  10A7A915E-1A 

.225A5902E-15 

.  1071A803E-1A 

1000.00 

-.98113A68E-15 

.13508236E-15 

.99039007E-15 

2000.00 

95A9A579E-1 5 

.73595695E-16 

.95777752E-15 

5000.00 

-.9A5AA368E-15 

.30710570E-16 

.9A59A232E-15 

10000.00 

-. 9A372A50E-1 5 

.15660361E-16 

.9A385AA2E-15 

R  =  .30E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

AOE+OA  E=  .lOE+06 

THETA=  . 00000000E-99DEGREES 
N{0,0)=  .31622777E-05  N(2,0) 

=-.221359A5E-16 

N(l,l)=  .9A86833AE 

T 

REAL  HX 

IMAG.  HX 

ABS.  HX 

.10 

.  10739930E-15 

1  182513AE-18 

. 10739936E-15 

.20 

. 10735036E-15 

-.16729158E-18 

. 107350A8E-15 

.50 

.  10725323E-15 

-.26A66890E-18 

.  10725355E-15 

1.00 

. 1071A382E-15 

37533A27E-18 

.  1071AAA7E-15 

2.00 

. 10698182E-15 

-. 52672052E-18 

. 10698311E-15 

5.00 

. 10673A51E-15 

-.782A3673E-18 

.10673737E-15 

10.00 

. 10661076E-15 

-.11987288E-17 

.106617A9E-15 

20.00 

. 10650308E-15 

-.21105901E-17 

. 10652398E-15 

50.00 

. 106A1A77E-15 

A85A87A0E-17 

. 106525A5E~1 5 

100.00 

. 1066A551E-15 

10391922E-16 

.  10715062E-15 

200.00 

.  10102522E-15 

-.23775A19E-16 

.  10378518E-15 

500.00 

. 71992288E-16 

-. 30396629E-16 

.781A6301E-16 

1000.00 

. 5710AA69E-16 

-. 18951A09E-16 

.60167069E-16 

2000.00 

. 532A3A13E-16 

-.89516A00E-17 

. 53990673E-16 

5000.00 

. 53220766E-16 

-.29666563E-17 

.53303385E-16 

10000.00 

. 53517073E-16 

13127808E-17 

.53533171E-16 

A4  5 


n(X)  ii.M.n. 

R  =  .30E+01 

51=  .2000E-00  52= 

A4  5 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 29999999E+020EGREES 
N(0»0)=  .  3162  277  7E-0  3  IM(2,0) 

=-.22135945E-16 

IM(1  ,1)=  .94868334E 

T 

REAL  HX 

IMAG.  HX 

AB5.  MX 

.10 

. 64746526E-16 

80234338E--19 

.64746575E-16 

.20 

.64713315E-16 

-.  1  1350391E"‘18 

.64713413E“16 

.50 

.64647406E-16 

-. 17955820E-18 

.64647655e~16 

1.00 

.64573164E-16 

-.25461360E-10 

.64573665E“16 

2.00 

.64463234E-16 

-.35726150E-18 

.64464223E-16 

5.00 

.64295407E-16 

-.53059365E-18 

.64297596E-16 

10.00 

. 64211269E-16 

-.81277373E-18 

.64216413E-16 

20.00 

. 64137579E-16 

-. 14306118E-17 

.64153531E-16 

50.00 

. 64079688E-16 

-.32927859E-17 

.64164233E-16 

100.00 

.64213331E-16 

-.71014449E-17 

.64604817E-16 

200.00 

. 60018865E-16 

-. 16160934E-16 

.62156575E-16 

500.00 

.40224611E-16 

-.19087118E-16 

. 44523446E-16 

1000.00 

. 31684181E-16 

-. 10429047E-16 

. 33356443E-16 

2000.00 

. 30642120E-16 

-. 39645404E-17 

. 30897525E-16 

5000.00 

. 31651471E-16 

-. 84695370E-18 

.31662799E-16 

10000.00 

.32113963E-16 

-.24105660E-18 

.32114867E-16 

R  =  .30E+01  Sl=  .2000E-00  52=  .2000E-02  D=  .40E+04  E=  .loE+06 
THETA=  . 59999996E+02DEGREES 


T 

REAL  HX 

IMAG.  HX 

AB5.  HX 

.  10 

-.20559016E-16 

-.42003410E-20 

.20559016E-16 

.20 

-.20560764E-16 

-.59285960E-20 

.20560764E-16 

.50 

-. 20564240E-16 

-.93368220E“20 

.20564242E-16 

1.00 

-. 20568146E-16 

-,13172312E-19 

. 20568150E-16 

2.00 

-,20573923E-16 

-. 18343513E-19 

.20573931E-16 

5,00 

-. 20582782E-16 

-.26907580E-19 

.20582799E-16 

10.00 

-.20587700E-16 

-.40863640E-19 

.20587740E-16 

20.00 

-. 20593416E-16 

-. 70655560E-19 

.20593537E-16 

50.00 

-. 20590477E-16 

-.16861037E-18 

.20591167E-16 

100.00 

-.20651029E-16 

-. 52049050E-18 

.20657587E-16 

200.00 

-. 21993837E-16 

-.93196810E-18 

.22013573E-16 

500.00 

-.23310730E-16 

. 35319000E-17 

.23576777E-16 

1000.00 

-. 19156384E-16 

.66156754E-17 

.20266578E-16 

2000.00 

-. 14560455E-16 

. 60096564E-17 

. 15751914E-16 

5000,00 

-. 11487108E-16 

.33924503E-17 

. 11977577E-16 

10000.00 

10692248E-16 

.19023911E-17 

. 10860168E-16 

R  =  .30E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 89999992E+02DEGREE5 

T 

REAL  HX 

IMAG.  HX 

AB5.  HX 

.10 

-.63211800E-16 

. 33816670E-19 

.6321 1809E-16 

.20 

-.63197816E-16 

.47859080E-19 

.63197833E-16 

.50 

-,63170075E-16 

.75773893E-19 

.63170120E-16 

1.00 

-.63138814E-16 

. 10754837E-18 

.63138904E-16 

2.00 

-. 63092515E-16 

. 15111553E-18 

.63092695E-16 

5.00 

-.63021889E-16 

.22493554E-18 

.63022289E-16 

10.00 

-. 62987197E-16 

.34509153E-18 

.629-88141E-16 

20.00 

-.62958926E-16 

.60932280E-18 

.62961874E-16 

50.00 

-.62925573E-16 

.13934779E-17 

.62940999E-16 

100.00 

-.63083222E-16 

.27699877E-'17 

.63144007E-16 

200.00 

-. 63000200E-16 

.66825176E-17 

.63353620E-16 

500.00 

-. 55078410E-16 

.14841412E-16 

.57042954E-16 

1000.00 

-,44576675E-16 

.15138039E-16 

.47076960E-16 

2000.00 

-. 37161750E-16 

. 10996756E-16 

. 38754668E-16 

5000.00 

-. 33056406E-16 

.55121530E-17 

.33512830E-16 

10000.00 

-. 32095361E-16 

.29741154E-17 

. 32232863E-16 

A  ; 


..d 


u  a: 
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lt(X)  H.  M.  0. 


=  .50E+01  Sl=  .2000E-00  S2=  .2000E-02  D=  ,40E+04  E=  .lOE+06 
THETA=-  .  OOOOOOOOE-99DEGREES 


N(0,0)=  . 19611613E-05  N(2,0) 

=-.66725903E-17 

N(l,l)=  .37714640E 

T 

REAL  HX 

IMAG.  HX 

AB5.  HX 

.  1  0 

. 28430905E-16 

-. 12339112E-19 

.28430907E-16 

.20 

.28425801E-16 

-.17454172E-19 

.28425806E-16 

.50 

.28415670E-16 

-.27607400E-19 

.28415683E-16 

1.00 

.28404249E-16 

-. 39141363E-19 

.28404275E-16 

2.00 

.28387357E-16 

-.54911900E-19 

.28387410E-16 

5.00 

.20361574E-16 

-.81656063E-19 

.28361691E-16 

10.00 

.28348357E-16 

-.12506785E-18 

.28348632E-16 

20.00 

.28336752E-16 

-.21921491E-18 

.28337599E-16 

50.00 

.28317761E^16 

-.49756925E^18 

.28322131E-16 

100.00 

.28354614E-16 

-. 90099207E^18 

.28368925E^l6 

200.00 

. 28936092E-16 

-.20686225E-17 

.29009939E-16 

500.00 

.26411193E-16 

-.78918990E-17 

.27565071E-16 

1000.00 

. 19468357E-16 

-. 86253769E-17 

.21293521E-16 

2000.00 

. 15269006E-16 

-.53593415E-17 

.16182245E-16 

5000.00 

. 14082156E-16 

-.19973738E-17 

. 14223101E-16 

10000.00 

. 14089557E-16 

-.88766730E-18 

.14117491E-16 

R  =  .50E+01 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 29999999E+02DEGREES 

T 

REAL  HX 

IMAG.  HX 

AB5.  HX 

.10 

. 17552523E-16 

-.84795223E-20 

. 17552524E-16 

.20 

. 17549016E-16 

-.11993524E-19 

. 17549019E-16 

.50 

. 17542051E-16 

-. 18966851E-19 

. 17542060E"16 

1 .00 

. 17534202E-16 

-.26885384E-19 

. 17534222E-16 

2.00 

. 17522593E-16 

-.37706831E-19 

. 17522633E-16 

5.00 

. 17504871E-16 

-.56053043E-19 

. 17504960E-16 

10.00 

. 17495730E-16 

-.85824538E-19 

. 17495940E-16 

20.00 

. 17487592E-16 

-.15028108E-18 

. 17488237E-16 

5  0.00 

. 17474153E-16 

-.34041319E-18 

. 17477468E-16 

100.00 

. 17501181E-16 

-.61470503E-18 

. 17511973E-16 

200.00 

. 17908618E-16 

-.14340429E-17 

. 17965941E-16 

500.00 

. 15995331E-16 

-.53990857E-17 

. 16881964E-16 

1000.00 

. 11257852E-16 

-.55309369E-17 

. 12543145E-16 

2000.00 

.87798520E-17 

-. 30784153E-17 

.93038938E-17 

5000.00 

.84301092E-17 

-.91847890E-18 

.84799966E-17 

10000.00 

. 85928479E-17 

-.32926496E-18 

.85991540E-17 

R  =  .50E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 59999996E+02DEGREES 

T 

REAL  HX 

IMAG.  HX 

AB5.  HX 

.  1  0 

-.42042366E-17 

-.76034280E-21 

.42042365E-17 

.20 

-. 42045515E-17 

-. 10722287E-20 

.42045515E-17 

.50 

-.42051798E-17 

-. 16857551E-20 

.42051800E-17 

1.00 

-. 42058884E-17 

-.23734312E-20 

.42058889E-17 

2.00 

-. 42069306E-17 

32967010E-20 

.42069317E-17 

5.00 

-.42085303E-17 

-.48470130E-20 

.42085329E-17 

10.00 

-.42095166E-17 

-.73379310E-20 

.42095228E-17 

20.00 

-.42107233E-17 

-.12413440E-19 

.42107416E-17 

50.00 

-.42130568E-17 

-.26101151E-19 

.42131376E-17 

100.00 

-.42056804E-17 

-.42131070E-19 

.42058914E-17 

200.00 

-.41463226E-17 

-. 16488385E-18 

.41495996E-17 

500.00 

-.48363889E-17 

-.41346020E-18 

.48540299E-17 

1000 .00 

-.51631559E-17 

.65794180E-18 

.52049078E-17 

2000.00 

-. 41984526E-17 

.14834360E-17 

.44528177E-17 

5000.00 

-.28739835E-17 

.12393105E-17 

.31298037E-17 

10000.00 

-. 24005695E-17 

.78753941E-18 

.25264505E-17 
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C  H(X)  II.  M.  1). 

R  =  .50E+01  51=  .2000E-00  52=  .2000E-02  D=  .40L+04  L=  .lOE+06 

THETA=  .  89999992L+02L)EGREE5 

N(0,0)=  . 19611613E-05  N ( 2 , 0 ) = - . 6 6 7 259 03E- 1 7  N(l,l)=  . 377 14640E-1 1 


.10 

15082620E-16 

. 30992482E^20 

. 15082620E-16 

.20 

-. 15081338F-16 

.43884206E-20 

. 15081338E-16 

.50 

-. 15078799E^16 

.69547958E“^20 

. 15078800E“16 

1.00 

-. 15075937E-16 

.98825492E-20 

. 15075940E-16 

2.00 

15071696E-16 

.1 3908370E-19 

.15071702E--16 

5.00 

-. 15065234E-16 

.20756010E-19 

. 15065248E-16 

10.00 

-. 15062144E-16 

. 31905386E-19 

. 15062177E-16 

20.00 

-. 15059884E-16 

.56520404E-19 

.  15059990E‘-16 

50.00 

-. 15056665E-16 

. 13105492E-18 

.  15057235E-16 

100.00 

-. 15059114E-16 

.24415602E-18 

. 15061092E-16 

200.00 

-. 15173797E-16 

.46969588E-18 

.  15181064E-16 

500.00 

-. 15252252E-16 

.20793534E-17 

.15393339E-16 

1000.00 

-. 13373662E-16 

.37523822E-17 

. 13890111E-16 

2000.00 

-. 10687607E-16 

.37643624E-17 

. 11331167E-16 

5000.00 

-.85260317E-17 

.23182056E-17 

.88355698E-17 

10000.00 

-.78972799E-17 

.13459417E-17 

.80111540E-17 

H(Y)  OF  A  H,M.D.=0 
DEGREE5  FOR  ALL  R 


AT  THETA=0  AND  90 
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c 

H  (  Y  )  M 

.  M.  1). 

R 

=  .20E~00 

Sl=  .2000E-00  . 

S2  = 

.2000E-02  D=  . 

4  0 1.  +  0  E  =  .  1  0  E  4-  0  6 

THrTA  =  30  »60 

OEGREFS 

|N1(2»0)=  .  17769398E-14  N(1 

,  1  ) 

=  .  18057319F-10 

T 

REAL  HY 

IMAG.  HY 

ABS.  HY 

.  10 

. 93410885E-16 

-.78955580E-18 

.93414221E-16 

.20 

. 93077210E-16 

-. 1 1071121E-17 

.93083793E-16 

.30 

. 92415825E-16 

-.  17207795E-17 

.92431843E-16 

I  .  00 

.91671000E-16 

-.23916586E-17 

.91702192E-16 

2.00 

.90581410E-16 

-.32557966E-17 

.90639902E-16 

5.00 

. 88918295E-16 

-.46678683E-17 

.89040732E-16 

10.00 

. 87564220E-16 

-. 70692875E-17 

.87849117E-16 

20.00 

. 84492945E-16 

-.1  1618151E-16 

.85287978E-16 

50.00 

. 73781600E-16 

-.18115736E-16 

.75973049E-16 

100.00 

. 62191755E-16 

-.1 7971842E-16 

.64736400E-16 

200.00 

. 53379175E-16 

-. 13233894E-16 

.54995201E-16 

500.00 

.48696986E-16 

-.62042925E-17 

.49090626E-16 

1000.00 

.47567303E-16 

-.38341067E-17 

.47721573E-16 

2000 .00 

. 46817919E-16 

-. 16782620E-17 

.46847988E-16 

5000.00 

.47189725E-16 

-.51458495E-18 

.47192529E-16 

1 0  0  0  J  .  0  0 

.47201291E-16 

-.34504141E-18 

.47202551E-16 

R 

=  .30E+01 

Sl=  .2000E-00  . 

S2  = 

.2000E— 02  D=  . 

40E+04  E=  .loE+06 

T HETA=30  »60 

DEGREES 

N(2»0)=-.22135945E-16  N(1 

» 1  ) 

=  .94868334E-11 

T 

REAL  HY 

IMAG.  HY 

ABS.  HY 

.10 

. 73876775E-16 

-.65847380E-19 

.73876804E-16 

.20 

. 73849525E-16 

-. 93162970E-19 

.73849582E-16 

.50 

. 73795455E-16 

-. 14741605E-18 

.73795602E-16 

1.00 

.73734545E-16 

-.20909432E-18 

.73734841E-16 

2.00 

. 73644345E-16 

-.29351162E-18 

.73644929E-16 

5.0C 

.73506675E-16 

-.43620496E-18 

.73507968E-16 

10.00 

. 73438070E-16 

“.66849380E-18 

.73441111E-16 

20.00 

.73379200E-16 

-.11777568E-17 

.73388651E~16 

5  0.00 

. 73326525E-16 

-.27056158E-17 

.73376424E-16 

100.00 

. 73494700E-16 

-. 56992745E-17 

.  73715348E-16 

200.00 

.71025085E-16 

-. 13188674E-16 

.72239212E-16 

500.00 

.55023230E-16 

-. 19588647E-16 

. 58406085E-16 

1000.00 

. 44029226E-16 

-.14761164E-16 

.46437749E-16 

2000.00 

. 39146585E-16 

-.86379090E-17 

.40088258E-16 

5000.00 

. 37359112E-16 

-.36714325E-17 

.  37539080E-16 

10000.00 

. 37071272E-16 

-. 18562804E-17 

.37117716E-16 

R 

=  .50E+01 

Sl=  .2000E-00 

S2  = 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA  =  30  »60 

DEGREES 

N(2»0)=-.66725903E-17  N(1 

» 1  ) 

=  .37714640E-11 

T 

REAL  HY 

IMAG.  HY 

ABS.  HY 

.10 

. 18841909E-16 

-.66850065E-20 

. 18841909E-16 

.20 

.  18839144E-16 

-.94581205E-20 

.  18839146E-16 

.50 

.  18833658E-16 

-. 14965870E-19 

.  18833663E-16 

1.00 

. 18827473E-16 

-.21227977E-19 

.  18827484E-16 

2.00 

.  18818322E-16 

-.29800051E-19 

.  18818345E-16 

5.00 

.  18804360E-16 

-.44345728E-19 

. 18804412E-16 

10.00 

.  18797298E-16 

-.67971405E-19 

.  18797420E-16 

20.00 

.  18791295E-16 

-.1 1939689E-18 

. 18791674E-16 

50.00 

.  18781678E-16 

-.27220225E-18 

. 18783650E-16 

100.00 

.  18798696E-16 

-.49586364E-18 

.  18805234E-16 

200.00 

.  19100142E-16 

-.  10991241E-17 

.  19131740E-16 

500.00 

.  10040801E-16 

-.43176790E-17 

.  18550278E-16 

1 0  (;  J  .  0  0 

.  1422101  IE- 16 

53597270E-17 

.  15197493E-16 

2000.00 

.  11239543E-16 

-. 39506797E-17 

.  11913656E-16 

5000.00 

.97896330E-17 

-. 18687007E-17 

.99663913E-17 

10000.00 

.95205800E-17 

-.96718115E-18 

.95695811E-17 

A49 


Tfir  IKZ)  OF 

A  l-I.M.O. 

K  -  •20E~00 

SI-  .200wL-00  S2= 

.2000E“02  U=  . 

4  01.. +  0^1  E=  ,l0L-f06 

T  i  ll  TA-  .  0000000  0£-99l.)LuR£ ES 

N(,:»l)^  .‘34 

3961  17r-15 

1 

REAL  HZ 

I  MAG.  HZ 

ABS.  HZ 

.10 

-. 73694900E-17 

-.  72471 521 E“  17 

.  10335888E-16 

.20 

-. 10421190E-16 

-. 10177520E-16 

.  14566506E-16 

.50 

-. 16472800E-16 

-.15867637E-16 

.22872145E-16 

1.00 

“. 23288170E-16 

-.22131818E-16 

.  32127187E-16 

2.00 

-. 33287000E-16 

- . 30290959E-16 

.45006295E-16 

5.00 

-.48530100E-16 

-.43661379E‘-16 

.65280062E-16 

10.00 

-.59977070E-16 

-.66418318E-16 

.89491015E-16 

20.00 

-. 84943890E-16 

-.  11206009E-15 

. 14061624E-15 

50,00 

-. 18277840E-15 

-. 19357867E-15 

.26623419E-15 

100.00 

-. 31125698E-15 

-.21676833E-15 

.37930121E-15 

200.00 

-.43079138E-15 

-.17932948E-15 

.46662647E-15 

500.00 

-.5 139o5o5e~1 5 

-.98242985E-16 

.52321131E-15 

1000.00 

-. 53477632E-15 

-.53749339E-16 

.53747065E-15 

2000.00 

-. 54142476E-15 

-.27828650E-16 

.54213946E-15 

5000.00 

-.54353020E-15 

-.  1  1275332E-16 

. 54364713E~15 

10000.00 

-. 54384860E-15 

-. 56529726E-17 

.54387797E-15 

R  =  .20E-00 

Sl=  .2000E-00  S2= 

o2000E-02  0=  . 

40E+04  E=  .lOE+06 

THETA=  . 29999999E+02DEGREES 

N(2»l)=  .54396117E-15 

T 

REAL  HZ 

IMAG.  HZ 

ABS.  HZ 

.10 

-.63821655E-17 

-.62762178E-17 

.89511421E-17 

.20 

-.90250152E-17 

-.88139908E-17 

.  12614964E“16 

.50 

-. 14265863E-16 

13741777E-16 

.  19807859E-16 

1.00 

-.20168147E-16 

-.  19166717E-16 

.  27822961E-16 

2.00 

28827387E-16 

-.26232740E-16 

.38976592E-16 

5.00 

-.42028299E-16 

-.37811863E-16 

.56534192E-16 

10.00 

-.51941666E-16 

-.57519950E-16 

.77501492E“16 

20.00 

-. 73563566E-16 

-.97046884E-16 

.  12177723E-15 

50.00 

-. 15829074E-15 

-.  16764405E-15 

.23056557E-15 

100.00 

-.26955645E-15 

-.  18772688E-15 

.32848448E-15 

200.00 

-. 37307628E-15 

15530388E-15 

.40411038E-15 

500.00 

-.44505483E-15 

-.85080920E-16 

.4531 1429E-15 

1000.00 

-.46312988E-15 

-.46548293E-16 

.46546324E-15 

2000.00 

-.46888759E-15 

-.24100318E-16 

. 46950653E-15 

5000 . 0  0 

47071096E-1 5 

-.97647239E-17 

.47081222E~15 

10000.00 

-.47098670E-15 

-.48956179E-17 

.47101213E-15 

R  =  .20E-00 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 59999996E+02DEGREES 

N(2>1)=  . 543961 17E-15 

T 

REAL  HZ 

IMAG.  HZ 

ABS.  HZ 

o 

1 — t 

• 

-. 36847454E-17 

-.36235764E-17 

.51679449E“17 

.20 

-. 52105955E-17 

-. 50887605E-17 

.72832539E-17 

.50 

-. 82364008E-17 

-.79338193E-17 

. 1 1436073E-16 

1.00 

-. 11644086E-16 

-.1  1065910E-16 

. 16063595E-16 

2.00 

-. 16643502E-16 

-.15145481E-16 

.22503149E-16 

5.00 

-.24265052E-16 

-. 21830692E-16 

.32640033E-16 

10.00 

-. 29988538E-16 

-. 33209162E-16 

.44745511E-16 

20.00 

-.42471949E-16 

-.56030051E-16 

.70308129E-16 

50.00 

-.91389209E-16 

-.96789345E-16 

. 13311710E-15 

100,00 

-.  15562851E-15 

-. 10838418E-15 

. 18965063E-15 

200.00 

-.21539571E-15 

-.89664749E-16 

.23331326E-15 

500.00 

-.25695255E-15 

-.49121497E-16 

. 26160568E-15 

1000 .00 

-. 26738819E-15 

-.26874672E-16 

.26873535E-15 

2000.00 

-. 27071241E-15 

-. 13914326E-16 

.27106976E-15 

5000.00 

-.27176513E-15 

-.56376666E-17 

.27182359E-15 

10000 .00 

-. 27192433E-15 

-.28264866E-17 

.27193901E-15 
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Tlir  H(Z)  OF-  A  ll.M.P. 


R  =  .30C+01  Sl=  .2000E-00  S2=  .2000E-02  0=  .40L-H0''i  E=  .1oI'+06 

TIIFTA=  .  0000000 OE-90DL  GR EES 


IM(2»  1)=  .28460501E-16 

1 

REAL  1-iZ 

IMAG.  IIZ 

AB5.  HZ 

.  i  0 

.  50614000E-19 

.50221658E-19 

.71302117E-19 

.20 

. 71596000E-19 

. 70781772E-19 

. 10067793E-18 

.50 

.  11320900E-18 

.11114341E-18 

.  15864783E-18 

1.00 

. 16009000E-18 

.15627925E-18 

.22372306E-18 

2.00 

.22931700E-18 

.21653945E-18 

. 31539755E-18 

5.00 

. 33515900E-18 

. 31561668E-18 

.46037532E-18 

10.00 

. 39799400E-18 

.47981124E-18 

.62339237E-18 

20.00 

.48845900E-18 

. 84266120E-18 

.97399696E-18 

50.00 

. 92077800E-18 

.20451909E-17 

.22429083E-17 

100.00 

. 31964910E-17 

.40478249E-17 

.51577554E-17 

200.00 

. 10819207E-16 

, 13511266E-17 

.  10903246E-16 

500.00 

.64425870E-17 

-. 17768060E-16 

.  18900023E-16 

1000.00 

-. 10244389E-16 

-.2  1193152E-16 

.  23539269E-16 

2000 .00 

21602475E-16 

-el5166675E-16 

,26394979E-16 

5000.00 

-. 27008671E-16 

-,71724933E-17 

.27944820E"16 

10000.00 

-. 28052406E-16 

-. 37347085E-17 

.28299920E-16 

K  =  .30E+01 

Sl=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 29999999E+02DEGREES 

T 

REAL  HZ 

IMAG.  HZ 

AB5.  HZ 

.10 

.43833010E-19 

.43493231E-19 

.61749444E-19 

.20 

.62003955E-19 

.61298812E-19 

.87189648E-19 

.50 

. 98041870E-19 

.96253016E-19 

.  13739305E-18 

1.00 

. 13864201E-18 

.  13534180E-18 

. 19374986E-18 

2.00 

. 19859435E-18 

.18752866E-18 

.27314229E-18 

5.00 

.29025621E-18 

.27333206E-18 

.  39869672E-18 

10.00 

. 34467291E-18 

.41552872E-18 

.53987362E-18 

20.00 

.42301790E-18 

.72976600E-18 

.84350610E-18 

50,00 

.79741714E-18 

. 17711873E-17 

. 19424156E-17 

100.00 

.27682424E-17 

.35055192E-17 

.44667472E-17 

200.00 

.93697081E-17 

. 11701100E-17 

.94424883E-17 

500.00 

. 5  5794440E~17 

-.  15387591E-16 

.  16367899E-16 

1000.00 

-.88719011E-17 

-.18353808E-16 

.20385604E-16 

2000.00 

-. 18708292E-16 

-.13134726E-16 

.22858723E-16 

5000.00 

23390195E-16 

-.62115614E-17 

.24200923E-16 

10000.00 

~. 24294096E-16 

-.32343524E-17 

. 24508450E-16 

R  =  ,30E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 59999996E+02UEGREES 

T 

REAL  HZ 

IMAG.  HZ 

AB5.  HZ 

.10 

. 25307003E-19 

.25110832E-19 

.35651061E-19 

.20 

. 35798004E-19 

. 35390890E-19 

.50338972E-19 

.50 

. 56604506E-19 

.55571711E-19 

.79323925E-19 

1.00 

. 80045008E-19 

.78139633E-19 

.  11 186154E-18 

2.00 

. 11465851E-18 

. 10826974E-18 

.  15769879E-18 

5.00 

. 16757952E-18 

.  15780836E-18 

.23018769E-18 

10.00 

. 19899702E-18 

.23990564E-18 

.31169621E-18 

20.00 

. 24422952E-18 

.42133064E-18 

.48699852E-18 

50.00 

.46038905E-18 

. 10225956E-17 

.  11214543E-17 

100.00 

. 15982457E-17 

. 20239127E-17 

.25788780E-17 

200.00 

. 54096040E-17 

.67556337E-18 

.54516236E-17 

500 .00 

. 32212938E-17 

-.88840309E-17 

.94500126E-17 

1000.00 

-. 51221950E-17 

-. 10596577E-16 

.  11769635E-16 

2000.00 

-. 10801239E-16 

-.  75833383E-17 

.  13197491E-16 

5000.00 

-. 13504337E-16 

-.35862470E-17 

.  13972411E-16 

10000.00 

-. 14026204E-16 

-. 18673544E-17 

. 14149961E-16 
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THE  H(Z)  OF  A  H.M.D. 

R  =  ,50E+01  51=  .2000E-00  52=  .2000E-02  0=  .40E+04  E=  .lOF+06 

THETA=  . 00000000E-99DEGREE5 
N(2»l)=  .43316893E-17 


T 

REAL  HZ 

IMAG.  HZ 

AB5.  HZ 

.  1  0 

.  35631000E-^20 

. 12885695E‘19 

. 13369249E-19 

.20 

. 89166000E-20 

. 18194905E-19 

.20262288E-19 

.50 

.  19543900E‘-19 

.28678625E-19 

. 34704862E-19 

1.00 

. 31512100E-19 

.40498985E-19 

.51314522E-19 

2.00 

.49199200E-19 

. 56483604E-19 

.74906333E-19 

5.00 

. 76239200E-19 

. 83228622E-19 

.  11286903E~18 

10.00 

.91230900E-19 

* 12696343E“18 

.  15634190E-18 

20.00 

.  10898250E-18 

.22211580E^18 

.24741183E-18 

50.00 

. 16460480E-18 

. 50010003E-18 

.52656809E-18 

100.00 

.25103180E“18 

.96950058E-18 

. 10014730E-17 

200.00 

.90974160E-18 

.21960712E-17 

.23770482E-17 

500.00 

. 51158500E-17 

.98398872E-18 

. 52096212E-17 

1000.00 

.41294584E-17 

-. 36249968E-17 

.54948183E-17 

2000.00 

.47326900E-19 

-.48286122E-17 

.48288440E-17 

5000.00 

-. 31886522E-17 

-.29920078E-17 

.43725979E-17 

10000.00 

-. 39933827E-17 

-.16739434E-17 

.43300336E-17 

R  =  .50E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .loE+06 

THETA=  . 29999999E+02DEGREE5 

T 

REAL  HZ 

IMAG.  HZ 

AB5.  HZ 

.10 

. 30857351E-20 

,11159339E-19 

. 11578109E-19 

.20 

.77220021E-20 

. 15757250E-19 

. 17547656E-19 

.50 

. 16925514E-19 

.24836418E-19 

.30055293E-19 

1.00 

.27290279E-19 

. 35073150E-19 

.44439680E-19 

2.00 

.42607757E-19 

.48916236E-19 

.64870787E-19 

5.00 

.66025084E-19 

.72078101E-19 

,97747451E-19 

10.00 

. 79008277E-19 

. 10995356E-18 

. 13539605E-18 

20.00 

.94381613E-19 

. 19235792E-18 

.21426492E-18 

50.00 

. 14255194E-18 

.43316861E-18 

.45602202E-18 

100 .00 

. 21739992E-18 

.83961213E-18 

.86730112E-18 

200.00 

. 78785933E-18 

.19018534E-17 

.20585841E-17 

500.00 

. 44304560E-17 

. 85215922E-18 

.45116643E-17 

1000.00 

. 35762159E-17 

-. 31393393E-17 

.47586522E-17 

2000.00 

. 40986298E-19 

-.41817008E-17 

.41819016E-17 

5000.00 

-. 27614538E-17 

-.25911548E-17 

.37867809E-17 

10000.00 

34583709E-17 

-.14496775E-17 

.37499190E-17 

R  =  .50E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 59999996E+02DEGREE5 

T 

REAL  HZ 

IMAG.  HZ 

AB5.  HZ 

.10 

. 17815502E-20 

.64428481E-20 

.66846251E-20 

.20 

. 44583004E-20 

. 90974534E-20 

.  10131145E-19 

.50 

.97719510E-20 

. 14339314E-19 

.  17352433E-19 

1.00 

. 15756052E-19 

. 20249495E-19 

.25657264E-19 

2.00 

, 24599602E-19 

.28241805E-19 

. 37453169E-19 

5.00 

. 38119604E-19 

.41614315E-19 

.56434523E-19 

10.00 

. 45615455 E- 19 

.63481721E-19 

.78170957E-19 

20.00 

. 54491255E-19 

. 1 1105791E-18 

.  12370592E-18 

50.00 

. 82302408E-19 

.25009004E-18 

.26328447E-18 

100.00 

.  12551591E-18 

, 48475o34E-18 

.50073658E-18 

200.00 

.45487085E-18 

. 10980357E-17 

.11885242E-17 

500.00 

.25579253E-17 

.49199441E-18 

.26048109E-17 

1000 .00 

. 20647294E-17 

-. 1 8124986E-17 

.27474094E-17 

2000.00 

.23663452E-19 

-.24143063E-17 

.24144222E-17 

5000.00 

-. 15943263E-17 

-.14960040E-17 

.21862992E-17 

10000.00 

-. 19966915E-17 

-.83697178E-18 

.21650169E-17 
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E(RIIO)  OF  A  V.E.D. 

R  =  .20  Sl=  .2000E-00  S2=  .2000E-02  0=  .40E+0A  E=  .lOE+06 


T 

REAL  £ 

IMAG.  E 

AB5.  E 

.  1  0 

. 29480962E-21 

.29483014E-21 

1693826E-21 

.20 

. 10422733E-21 

. 10424183E-21 

. 14740995E-21 

.50 

.26364510E-22 

.26371490E-22 

.  37289982E-22 

1.00 

.93189712E“23 

.93438578E-23 

.  13196624E^22 

2.00 

. 33386284E-23 

.327600A0E-23 

.46774610E-23 

5.0  0 

. 78053322F“24 

.77699858E-24 

. 11013441E-23 

10.00 

.22458332E-24 

.29658640E-24 

. 37202306E-24 

20.00 

.61096424E-25 

. 1 3108972E-24 

. 14462810E-24 

50.00 

. 10824655E-25 

.49268754E-25 

. 50443861E^25 

100.00 

.29414514E-26 

.24131504E-'25 

.24310113E-25 

200.00 

. 80020678E-27 

.11932384E-25 

.  1  1959185E-25 

500.00 

. 14284854E-27 

.47372624E-26 

.47394155E-26 

1000.00 

. 37816472E-28 

.23624842E-26 

.23627868E-26 

2000.00 

.97888502E-29 

. 1 1800433E-26 

.  11800838E-26 

5000.00 

. 16314869E-29 

.47180408E-27 

.47180689E-27 

10000.00 

.42051502E-30 

.23586946E-27 

.23586983E-27 

EIRHO)  of 

A 

V.E.D. 

R  =  3.1 

00 

Sl=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

T 

REAL  E 

IMAG.  E 

AB5.  E 

.10 

. 14831952E-21 

.14831938E-21 

.20975537E-21 

.20 

. 52438890E-22 

.52438796E-22 

.74159722E-22 

.50 

.  13265921E-22 

. 13264757E-22 

. 18760022E-22 

1.00 

.46899270E-23 

.46991172E-23 

.66390599E-23 

2.00 

. 16806825E-23 

. 16467024E-23 

.23529391E-23 

5.00 

.39291754E-24 

.39089412E-24 

.55424038E-24 

10.00 

. 11404737E-24 

. 14985651E-24 

.  18831828E-24 

20.00 

. 32401442E-25 

.66265194E“25 

.73762655E-25 

5  0.00 

.71178328E-26 

.24414668E-25 

. 25431074E-25 

100.00 

. 27357174E-26 

.1 1411204E-25 

. 11734552E-25 

200.00 

.  11237930E-26 

.52345996E-26 

.53538717E-26 

500.00 

. 31431148E-27 

.18736737E-26 

. 18998538E-26 

1000.00 

. 10620242E-27 

.88377384E-27 

.89013209E-27 

2000.00 

. 32660906E-28 

.42742120E-27 

.42866724E-27 

5000.00 

.61680350E-29 

.16778474E-27 

. 16789807E-27 

10000.00 

. 16539168E-29 

. 83480540E-28 

.83496922E-28 

E(RHO)  OF 

A 

V.E.D. 

R  =  5.1 

00 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

T 

REAL  E 

IMAG.  E 

ABS.  E 

.10 

. 58962868E-22 

. 58962830E-22 

.83386060E-22 

.20 

. 20846528E-22 

. 20846502E-22 

.29481424E-22 

.50 

. 52737232E-23 

.52732726E-23 

.74578522E-23 

1.00 

. 18644284E-23 

. 18680885E-23 

.26392892E-23 

2.00 

.66813562E-24 

.65463218E-24 

.93538681E-24 

5.00 

.  15620084E-24 

. 15539587E-24 

.22033287E-24 

10.00 

.45337966E-25 

.59570356E-25 

.74860927E-25 

20.00 

. 12874105E-25 

.26331884E-25 

.29310590E-25 

50.00 

. 27865526E-26 

. 97293006E-26 

. 10120482E-25 

100.00 

. 10954593E-26 

.46205156E-26 

.47485992E-26 

200.00 

. 53453396E-27 

.21340878E-26 

.22000129E-26 

500.00 

. 20578702E-27 

.71677644E-27 

.74573235E-27 

1000 .00 

. 83808416E-28 

. 30991346E-27 

. 32104547E-27 

2000.00 

. 29204152E-28 

. 13874467E-27 

. 14178492E-27 

5000.00 

. 60705020E-29 

. 5 1400096E-28 

.51757326E-28 
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H  (  PI  II  )  OP  A 

• 

• 

■Jj 

• 

> 

K  =  .2UE-00 

Sl=  .2000E-00  S2= 

.2000E-02  U=  . 

40E+0^  E—  .lOL+06 

N ( 1 , 1 ) =  .188 

57319E-10 

T 

REAL  HT 

IMAG.  HT 

ABS.  HT 

.10 

. OOOOOOOOE-99 

.20981153E-19 

.20981152E-19 

.20 

. 00000000E“99 

. 10490576E-19 

. 10490575E-19 

.50 

.  OOOOOOOOE-^99 

.41962302E-20 

.41962302E-20 

1.00 

. 00000000E~99 

.20981153E-20 

.20981152E-20 

2.00 

. OOOOOOOOE-99 

. 10490576E-20 

. 10490575E-20 

5.00 

. OOOOOOOOE-99 

.41962302E-21 

.41962302E-21 

10.00 

. OOOOOOOOE-99 

.20981153E-21 

.20981152E-21 

20.00 

.OOOOOOOOE-99 

. 10490576E-21 

. 10490575E-21 

50.00 

. OOOOOOOOE-99 

.41962302E-22 

.41962302E-22 

100.00 

. OOOOOOOOE-99 

.20981153E-22 

.20981152E-22 

200.00 

. OOOOOOOOE-99 

. 10490576E-22 

.10490575E-22 

500.00 

. OOOOOOOOE-99 

.41962302E-23 

.41962302E-23 

1000.00 

. OOOOOOOOE-99 

.20981153E-23 

.20981152E-23 

2000.00 

. OOOOOOOOE-99 

. 10490576E-23 

. 10490575E-23 

5000.00 

. OOOOOOOOE-99 

.41962302E-24 

.41962302E-24 

10000.00 

. OOOOOOOOE-99 

.20981153E-24 

.20981152E-24 

R  =  .30E+01 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

N{1»1)=  .94868334E-11 

T 

REAL  HT 

IMAG.  HT 

ABS.  HT 

.  1  0 

. OOOOOOOOE-99 

.  10555302E-19 

. 10555301E-19 

.20 

. OOOOOOOOE-99 

.52776508E-20 

* 52776508E-20 

.50 

. OOOOOOOOE-99 

.21110603E-20 

.21110603E-20 

1.00 

. OOOOOOOOE-99 

. 10555302E-20 

.  10555301E-20 

2.00 

. OOOOOOOOE-99 

. 52776508E-21 

.52776508E-21 

5.00 

. OOOOOOOOE-99 

.21110603E-21 

.21110603E-21 

10.00 

.OOOOOOOOE-99 

. 10555302E-21 

.10555301E-21 

20.00 

. OOOOOOOOE-99 

.52776508E-22 

.52776508E-22 

50.00 

.OOOOOOOOE-99 

.21110603E-22 

.21110603E-22 

100.00 

.OOOOOOOOE-99 

.  10555302E-22 

.  10555301E-22 

200.00 

. OOOGOOOOE-99 

. 52776508E-23 

.52776508E-23 

500.00 

.OOOOOOOOE-99 

.21110603E-23 

.21110603E-23 

1000.00 

.  OOOOOO.OOE-99 

. 10555302E-23 

. 10555301E-23 

2000.00 

. OOOOOOOOE-99 

.52776508E-24 

.  52776508E-24 

5000.00 

. OOOOOOOOE-99 

.21110603E-24 

.21 110603E-24 

10000.00 

.OOOOOOOOE-99 

. 10555302E-24 

. 10555301E-24 

R  =  .50E+01 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

N(l,l)=  . 37714640E-11 

T 

REAL  HT 

IMAG.  HT 

ABS.  HT 

10000.00 

. 16929989E-29 

.25119940E-28 

.25176926E-28 

.10 

.OOOOOOOOE-99 

.41962308E-20 

.41962308E-20 

.20 

. OOOOOOOOE-99 

.20981153E-20 

.20981152E-20 

.50 

.OOOOOOOOE-99 

. 83924608E-21 

.83924607E-21 

1.00 

. OOOOOOOOE-99 

.41962308E-21 

.41962308E-21 

2.00 

.OOOOOOOOE-99 

. 20981153E-21 

.20981152E-21 

5.00 

. OOOOOOOOE-99 

.83924608E-22 

.83924607E-22 

10.00 

.OOOOOOOOE-99 

.41962308E-22 

.41962308E-22 

20.00 

. OOOOOOOOE-99 

.20981153E-22 

.20981152E-22 

50.00 

. OOOOOOOOE-99 

.83924608E-23 

.83924607E-23 

100.00 

.OOOOOOOOE-99 

.41962308E-23 

.41962308E-23 

200.00 

. OOOOOOOOE-99 

.20981153E-23 

.20981152E-23 

500.00 

. OOOOOOOOE-99 

. 83924608E-24 

.83924607E-24 

1000.00 

. OOOOOOOOE-99 

.41962308E-24 

.41962308E-24 

2000.00 

. OOOOOOOOE-99 

.20981153E-24 

.20981152E-24 

5000.00 

. OOOOOOOOE-99 

. 83924608E-25 

.83924607E-25 

10000.00 

. OOOOOOOOE-99 

.41962308E-25 

.41962308E-25 

C  E  (  X  )  H 

.  £.  1).  ^ 

5  4 

R  =  .OOE-99  Sl=  .2000E-00  52= 
N(0»0)=  .  lOOOOOOOE-04 

.2000E-02  D=  . 

40E+04  E=  .loE+06 

T 

REAL  EX 

IMAG.  EX 

AB5.  EX 

.  1  U 

-.  10828014E-18 

.15523165E-20 

. 10829126E-18 

.20 

-. 26908152E-19 

.54720826E-21 

.26913715E-19 

.50 

-.42539210E-20 

.13761060E-21 

.42561461E-20 

1.00 

-.  10490063E-20 

.48427875E-22 

. 10501235E-20 

2.00 

-. 25691256E-21 

. 16803457E-22 

.25746149E-21 

5.00 

-. 39803113E-22 

. 39360879E-23 

.39997256E-22 

10.00 

-.97562290E-23 

. 15037925E-23 

.98714434E-23 

20.00 

-.23617141E-23 

.65960546E-24 

.24520955E-23 

50.00 

-. 32214507E-24 

.22765979E-24 

. 39446980E-24 

100.00 

-. 50535786E-25 

. 91498856E-25 

. 10452705E-24 

200.00 

.  11298177E-26 

. 30989106E-25 

. 31009694E-25 

500.00 

.41324912E-26 

.55690705E-26 

.69348417E-26 

1000.00 

.  17379259E-26 

.  12155487E-26 

.21208359E-26 

2000.00 

.55282784E-27 

.24435602E-27 

.60442408E-27 

5000.00 

. 10836833E-27 

. 30701877E-28 

. 11263347E-27 

10000.00 

. 30327545E-28 

.56310762E-29 

. 30845891E-28 

R  =  .20E-00  51=  .2000E-00  52= 

THETA=  . 00000000E-99DEGREE5 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

N(0,0)=  . 98058067E-05  N(-l,l) 

=  .99019500E-01 

T 

REAL  EX 

IMAG.  EX 

AB5.  EX 

.10 

-.  10518018E-18 

. 14642309E-20 

. 10519036E-18 

.20 

-.26142397E-19 

. 51624476E-21 

.26147493E-19 

.50 

-.41343386E-20 

.12986783E-21 

.41363777E-20 

1.00 

-. 10199365E-20 

.45720482E-22 

. 10209607E-20 

2.00 

-. 24994879E-21 

. 15873160E-22 

.25045230E-21 

5.00 

-. 38762975E-22 

. 37205902E-23 

. 38941120E-22 

10.00 

-. 95091886E-23 

. 14216744E-23 

.96148752E‘-23 

20.00 

-. 23066193E-23 

.62441117E-24 

.23896405E-23 

50.00 

-. 31782387E-24 

.21713121E-24 

. 38491293E-24 

100.00 

-. 51204192E-25 

.88200465E-25 

.  10198622E-24 

200.00 

.49231216E-27 

. 30226371E-25 

. 30230379E-25 

500.00 

. 39247769E-26 

.54535285E-26 

.67189915E-26 

1000.00 

. 16755120E-26 

. 12362269E-26 

.20822097E-26 

2000.00 

.55736063E-27 

. 24600471E-27 

.60923655E-27 

5000.00 

. 10617109E“27 

.25332660E-28 

.10915146E-27 

10000.00 

. 28469198E-28 

. 476041 19E-29 

. 28864454E-28 

R  =  .20E-00  51=  .2000E-00  52= 

THETA=  . 29999999E+02DEGREE5 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

T 

REAL  EX 

IMAG.  EX 

AB5.  EX 

.10 

-. 10570818E-18 

. 14642309E-20 

.  10571831E-18 

.20 

-.26274397E-19 

. 51624476E-21 

.26279468E-19 

.50 

-.41554586E-20 

. 12986783E-21 

.41574873E-20 

1.00 

-. 10252165E-20 

.45720482E-22 

.  10262354E-20 

2.00 

-.25126879E-21 

. 15873160E-22 

.25176966E-21 

5.00 

-. 38974176E-22 

.37205902E-23 

.  39151361E-22 

10.00 

-.95619887E-23 

.14216744E-23 

.96670981E-23 

20.00 

-. 23198193E-23 

.62441117E-24 

.24023844E-23 

50.00 

-. 31993588E-24 

.21713121E-24 

.38665867E-24 

100.00 

-. 51732193E-25 

.88200465E-25 

.  10225233E-24 

200.00 

. 36031208E-27 

. 30226371E-25 

. 30228518E-25 

500.00 

. 39036568E-26 

. 54535285E-26 

.67066764E-26 

1000.00 

. 16702320E-26 

.12362269E-26 

.20779633E-26 

2000.00 

. 55604063E-27 

.24600471E-27 

.60802918E-27 

5000.00 

. 10595989E-27 

.25332660E-28 

.  10894604E-27 

10000 .00 

. 28416398E-28 

.476041 19E-29 

.28812379E-28 
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l:(X)  i-l.  i..  D. 


R  =  .20E-00  Sl=  .2000E-00  S2=  .2000E-02  D=  .40E  +  04  E=--  .10Eh-06 

THETA=  . 59O99O96E+020EGREES 


N ( 0 , 0  )  ^  .op  0 

58067F--05  N(--l,l) 

=  .99019500F-01 

T 

REAL  EX 

IMAG.  EX 

AB5.  EX 

.  1  0 

-.  10676427E-18 

. 14642309E-20 

.  10677430E-18 

.20 

-.26538421E-19 

.51624476E-21 

.26543441E-19 

.50 

-.41977025E-20 

. 12986783E-21 

.41997108E-20 

1.00 

-. 10357774E-20 

.45720482E-22 

.  10367859E-20 

2.00 

-. 25390903E-21 

.15873160E-22 

.25440470E-21 

5.00 

-. 39396614E-22 

.37205902E-23 

.39571907E-22 

10.00 

-. 96675984E-23 

. 14216744E-23 

.97715718E-23 

20.00 

-.23462218E-23 

.62441117E-24 

.24278892E-23 

50.00 

-. 32416026E-24 

.21713121E-24 

. 39016128E-24 

100.00 

-.  52788290E-25 

. 88200465E-25 

.  10279068E-24 

200.00 

.96287749E-28 

. 30226371E-25 

.30226524E^25 

500.00 

. 38614130E-26 

. 54535285E-26 

.66821765E-26 

1000.00 

. 16596710E-26 

.  12362269E-26 

.20694841E-26 

2000.00 

. 55340039E-27 

.24600471E-27 

.60561563E“27 

5000.00 

.  10553745E-27 

.25332660E-28 

.10853522E“27 

10000.00 

. 28310788E-28 

.476041 19E-29 

.28708225E“28 

R  =  .20E-00  Sl=  .2000E-00  S2= 
THETA=  . 89999992E+02DEGREES 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

T 

REAL  EX 

IMAG.  EX 

AB5.  EX 

.10 

-.  10729232E-18 

. 14642309E-20 

.  10730230E-18 

.20 

-.26670433E-19 

.51624476E-21 

. 26675428E-19 

.50 

-. 4218a245E-20 

.12986783E-21 

.42208227E-20 

1.00 

-. 10410579E-20 

.45720482E-22 

. 10420613E-20 

2.00 

-.25522915E-21 

. 15873160E-22 

.25572226E-21 

5.00 

-. 39607834E-22 

. 37205902E-23 

.39782197E"22 

10.00 

-.97204033E-23 

. 14216744E-23 

.98238178E-23 

20.00 

-. 23594230E-23 

.62441117E-24 

.24406487E-23 

50.00 

-.32627246E-24 

.21713121E-24 

.39191795E-24 

100.00 

-.53316339E-25 

.88200465E-25 

.  10306286E-24 

200.00 

-. 35724415E-28 

. 30226371E-25 

.  30226391E-25 

500.00 

. 38402910E-26 

. 54535285E-26 

.66699931E-26 

1000.00 

. 16543905E-26 

. 12362269E-26 

.20652517E-26 

2000.00 

.55208027E-27 

.24600471E-27 

.60440957E-27 

5000.00 

.  10532623E-27 

.25332660E-28 

. 10832985E^27 

10000.00 

. 28257984E-28 

.47604119E-29 

.28656154E“28 

R  =  .30E+01  51=  .2000E-00  52= 

THETA=  . 00000000E-99DEGREE5 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

N(0,0)=  .31622777E-05  N(-l,l) 

=  .72075920E-00 

T 

REAL  EX 

IMAG.  EX 

AB5.  EX 

.10 

-. 166412Z7E-19 

.49559914E-22 

. 16641300E-19 

.20 

-. 41551889E-20 

. 17540103E-22 

.41552258E-20 

.50 

-.66320572E-21 

.44459071E-23 

.66322061E-21 

1.00 

-. 16534331E-21 

.  15786704E-23 

. 16535084E-21 

2.00 

-.41166272E-22 

.55508133E-24 

.41170014E-22 

5.00 

-. 65452509E-23 

. 13240875E-24 

.65465900E-23 

10.00 

-. 16313085E-23 

. 50843805E-25 

.  16321006E-23 

20.00 

-.40687003E-24 

.22486923E-25 

.40749095E-24 

50.00 

-.64890145E-25 

. 82786903E-26 

.65416111E-25 

100.00 

-. 16381425E-25 

. 39454509E-26 

. 16849856E-25 

200.00 

-.43593210E-26 

.21720354E-26 

.48704637E-26 

500 . 0  0 

-. 51738764E-27 

.  10915626E-26 

.12079730E-26 

1000.00 

. 64983749E-28 

.43861556E-27 

.44340330E-27 

2000.00 

. 87715350E-28 

. 12515922E-27 

.  15283589E-27 

5000.00 

. 27686818E-28 

.17198369E-28 

.  32593614E-28 

10000.00 

. 87141072E~29 

. 33355569E-29 

.93306807E-29 
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C  E  (  X  )  11 .  E  .  0 . 

R  =  .30E+0.1  Sl=  .2000E-00  52=  .2000E-02  D=  .40E  +  04  E=  .lOE  +  06 
TIIETA=  .  29999999E  +  02I^EGREES 


N(0,0)=  .31622777E-05  N(-l,l)=  .  72075920E-00 


T 

REAL  EX 

I  MAG.  EX 

AB5.  EX 

.10 

-. 25663674E-19 

.49559914E-22 

.25663721E-19 

.20 

-.64108007E-20 

.17540103E-22 

.64108246E-20 

.50 

-.  10241036E-20 

.44459071E-23 

. 10241132E-20 

1.00 

-.25556779E-21 

,15786704E-23 

.25557266E-21 

2.00 

-.63722390E-22 

.55508133E-24 

.63724807E-22 

5.00 

-. 10154230E-22 

.13240875E-24 

.10155093E-22 

10.00 

-.25335532E-23 

. 50843805E-25 

.25340632E-23 

20.00 

-.63243121E-24 

.22486923E-25 

.63283086E-24 

50.00 

-. 10097993E-24 

. 82786903E-26 

.  10131871E-24 

100.00 

-. 25403873E-25 

.39454509E-26 

.25708429E-25 

200.00 

-. 66149329E-26 

.21720354E-26 

.69624043E-26 

500.00 

-. 87828550E-27 

. 10915626E-26 

. 14010332E-26 

1000.00 

-. 25240724E-28 

.43861556E-27 

.43934121E-27 

2000 .00 

.65159233E-28 

.12515922E-27 

. 14110476E-27 

5000.00 

. 24077839E-28 

. 17198369E-28 

.29589292E-28 

10000 .00 

. 78118625E-29 

.33355569E-29 

.84941824E-29 

R  =  .30E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 59999996E+02DEGREES 

T 

REAL  EX 

IMAG.  EX 

AB5.  EX 

.10 

-.43708599E-19 

.49559914E-22 

.43708626E-19 

.20 

-. 10922032E-19 

. 17540103E-22 

. 10922045E-19 

.50 

-. 17459005E-20 

.44459071 E-23 

. 17459061E-20 

1.00 

-. 43601704E-21 

. 15786704E-23 

.43601989E-21 

2.00 

-. 10883470E-21 

. 55508133E-24 

.  10883611E-21 

5.00 

-. 17372198E-22 

. 13240875E-24 

. 17372702E-22 

10.00 

-.43380457E-23 

. 50843805E-25 

.43383435E-23 

20.00 

-. 10835543E-23 

.22486923E-25 

.  10837875E-23 

50.00 

-. 17315962E-24 

.82786903E-26 

. 17335740E-24 

100.00 

-.43448797E-25 

. 39454509E-26 

.43627565E-25 

200.00 

-.  11126163E-25 

•21720354E-26 

.  11336191E-25 

500.00 

-.  16000824E-26 

.  10915626E-26 

.  19369493E-26 

1000.00 

-. 20568997E-27 

.43861556E-27 

.48445017E-27 

2000.00 

. 20046923E-28 

. 12515922E-27 

. 12675452E-27 

5000.00 

. 16859871E-28 

. 17198369E-28 

.24084001E-28 

10000.00 

.60073703E-29 

. 33355569E-29 

.68712763E-29 

R  =  .30E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 89999992E+02DEGREES 

T 

REAL  EX 

imag.  ex 

AB5.  EX 

.10 

-. 52731062E-19 

.49559914E-22 

.52731084E-19 

.20 

-.  13177647E-19 

.17540103E-22 

. 13177658E-19 

.50 

-. 21067989E-20 

.44459071 E-23 

.21068035E-20 

1.00 

-.  52624166E-21 

.15786704E-23 

.52624402E-21 

2.00 

-.  13139006E-21 

. 55508133E-24 

. 13139203E-21 

5.00 

-. 20981183E-22 

.13240875E-24 

.20981600E-22 

10.00 

-. 52402919E-23 

. 50843805E-25 

.52405385E-23 

20.00 

-.  13091159E-23 

.22486923E-25 

. 13093089E-23 

50.00 

-. 20924947E-24 

. 82786903E-26 

.20941317E-24 

100.00 

-.52471260E-25 

.39454509E-26 

.52619384E-25 

200.00 

-.  13381779E-25 

.21720354E-26 

.13556907E-25 

500.00 

-.  19609809E-26 

. 10915626E-26 

.22443161E-26 

1000.00 

-.29591460E-27 

.43861556E-27 

.52910212E-27 

2000.00 

-. 25092329E-29 

. 12515922E-27 

.  12518436E-27 

5000.00 

. 13250886E-28 

. 17198369E-28 

.21711054E-28 

10000.00 

.  51051237E-29 

. 33355569E-29 

.60982151E-29 
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C  E  (  X )  OF  A  H.  E.  1^. 

R  =  .50E+0].  Sl=  .2000E-00  52=  .2000E-02  D=  .40E  +  04  E=  .10E-f06 
TMETA=  .  00000000E-99DC.GREES 


N(0,0)=  .19611613E-05  N ( - 1  ,  1  )  =  . 8 1 98 0390E-00 


T 

REAL  EX 

I  mag.  ex 

AB5.  EX 

.10 

-. 70522939E-20 

.  1  1827416E-22 

.70523037E~20 

.20 

-. 17618464E-20 

.41870368E-23 

.  17618513E-20 

.  50 

-. 28150823E-21 

. 16618877E-23 

.28151023E-21 

1.00 

-.70267838E-22 

.  37729419E-24 

.70268850E-22 

2.00 

-. 17526514E-22 

.13277963E-24 

.  17527016E-22 

5.00 

-. 27943860E-23 

, 31720467E-25 

.27945660E-23 

10.00 

-. 69741864E-24 

.12194331E-25 

.69752523E-24 

20.00 

-. 17414342E-24 

.54022262E-26 

. 17422719E-24 

50.00 

-. 27821855E-25 

. 20078359E-26 

.27894211E-25 

100.00 

-. 69618268E-26 

.95683297E-27 

.70272726E-26 

200.00 

-. 17981355E-26 

.44013882E-27 

. 18512194E-26 

500.00 

-. 36792346E-27 

.25668751E-27 

.44861580E-27 

1000.00 

-. 65144867E-28 

.17188740E-27 

.  18381820E-27 

2000.00 

. 15927786E-28 

.69586378E-28 

.71385981E-28 

5000.00 

.  12070925E-28 

.  12313370E-28 

. 17243152E-28 

10000.00 

.45411615E-29 

.26542483E-29 

.52599602E-29 

R  =  .50E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 29999999E+02DEGREES 

T 

REAL  EX 

IMAG.  EX 

AB5.  EX 

.10 

-. 14291273E-19 

. 1 1827416E-22 

.  14291277E-19 

.20 

-. 35715910E-20 

.41870368E-23 

. 35715933E-20 

.50 

-.57106734E-21 

. 10618877E-23 

.57106832E-21 

1.00 

-. 14265763E-21 

. 37729419E-24 

. 14265812E-21 

2.00 

-. 35623960E-22 

.13277963E-24 

.35624206E-22 

5.00 

-.56899772E-23 

.31720467E-25 

.56900656E-23 

10.00 

-. 14213165E-23 

. 12194331E-25 

. 14213688E-23 

20.00 

-. 35511788E-24 

.54022262E-26 

.35515896E-24 

50.00 

-,56777766E-25 

, 20078359E-26 

.56813256E-25 

100,00 

-. 14200805E-25 

.95683297E-27 

. 14233003E-25 

200.00 

-. 36078801E-26 

.44013882E-27 

.36346280E-26 

500.00 

65748257E-27 

.25668751E-27 

,7o581286E-27 

1000.00 

13753465E-27 

. 17188740E-27 

.22013872E-27 

2000.00 

-. 21696604E-29 

.69586378E-28 

.69620193E-28 

5000.00 

. 91753342E-29 

. 12313370E-28 

. 15355970E“28 

10000.00 

. 38172636E-29 

.26542483E-29 

.46493585E~29 

R  =  .50E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 59999996E+02DEGREES 

T 

REAL  EX 

IMAG.  EX 

AB5.  EX 

.10 

-.  28769254E-19 

. 1 1827416E-22 

.28769256E“19 

.20 

-. 71910862E-20 

.41870368E-23 

.71910874E-20 

.50 

-. 11501865E-20 

. 10618877E-23 

.11501869E-20 

1.00 

-. 28743744E-21 

. 37729419E-24 

,28743768E-21 

2.00 

-.71818912E-22 

,13277963E-24 

.71819034E-22 

5.00 

11481169E-22 

,31720467E-25 

. 11481212E-22 

10.00 

-.  28691146E-23 

. 12194331E-25 

.28691405E^23 

20.00 

-. 71706739E-24 

. 54022262E-26 

.71708773E-24 

50.00 

11468968E-24 

. 20078359E-26 

. 11470725E-24 

100.00 

-. 28678787E-25 

.95683297E-27 

.28694744E-25 

200.00 

-.72273752E-26 

.44013882E-27 

.72407647E-26 

500.00 

12366017E-26 

.25668751E-27 

. 12629616E-26 

1000.00 

-.28231447E-27 

. 17188740E-27 

. 33052493E-27 

2000.00 

-. 38364612E-28 

.69586378E-28 

,79461358E-28 

5000.00 

. 33841425E-29 

. 12313370E-28 

. 12769945E-28 

10000.00 

.23694655E-29 

.26542483E-29 

, 35580050E-29 

A58 


E(X)  H.E.D. 

R  -  .50E+01 

Sl=  .2000E-00  S2 

A58 

=  .2000E-02  D=  . 

T1IETA=  .  89999992E  +  U2l)EGREES 
N{0,0)=  .  19611613E-05  N(-l, 

1)=  .81980390E-00 

T 

REAL  EX 

IMAG.  EX 

.10 

-. 36008243E-19 

. 1  1827416E~22 

.20 

-. 90008334E-20 

.41870368E-23 

.50 

-. 14397461E-20 

. 10618877E-23 

1.00 

-. 35982733E-21 

. 37729419E-24 

2.00 

-. 89916384E-22 

.13277963E-24 

5.00 

-. 14376764E-22 

.31720467E-25 

10.00 

35930136E-23 

.12194331E-25 

20.00 

“.89804212E-24 

.54022262E-26 

50.00 

-. 14364564E“24 

.20078359E-26 

100.00 

-. 35917776E-25 

. 95683297E-27 

200.00 

-.90371224E-26 

.44013882E-27 

500.00 

-. 15261613E-26 

.25668751E-27 

1000.00 

-.  35470436E-27 

. 17188740E-27 

2000.00 

-. 56462084E-28 

.69586378E-28 

5000.00 

.48854712E-30 

. 12313370E-28 

10000.00 

. 16455666E-29 

.26542483E-29 

E( Y)  OF  A  H.E.D.=0 
DEGREES  FOR  ALL  R 


40E-I-04  E=  .loE  +  06 


ABS.  EX 
. 36008244E-19 
.90008343E-20 
. 14397464E-20 
. 35982752E-21 
.89916481E-22 
. 14376798E-22 
. 35930342E-23 
.89805836E-24 
.14365967L--24 
.  35930517E-25 
.90478341E-26 
. 15473970E~26 
.39415789E-27 
.89611555E--28 
. 12323057E-28 
. 31229670E-29 


AT  THETA=0  AND  90 


EY  OF  A  H.E. 

1).  A59 

K  .20E-00 

Sl=  .2000F-00  S2= 

.2000E“02  D=  . 

40E+04  E=  .lOE+06 

TMETA=30 ,60 

DEGREES 

N(0,0)=  ,o8058067F-05  N(-l,n 

=  .99019500E-01 

T 

REAL  EY 

IMAG.  EY 

ABS.  EY 

.  10 

.91458621E-21 

. OOOOOOOOE-99 

.91458621E-21 

.20 

. 22864655E-21 

. 00000000E^99 

.22864655E-21 

.50 

. 36583443E-22 

. OOOOOOOOE-99 

. 36583442E-22 

1.00 

.91458621E-23 

. OOOOOOOOE-99 

.91458621E-23 

2.0  0 

. 22864655E-23 

. OOOOOOOOE-99 

.22864655E-23 

5.00 

. 36583443E-24 

. OOOOOOOOE-99 

.  36583442E-24 

10.00 

. 91458621E-25 

. OOOOOOOOE-99 

.91458621E-25 

20.00 

. 22864655E-25 

. OOOOOOOOE-99 

• 22864655E-25 

50.00 

. 36583443E-26 

. OOOOOOOOE-99 

.36583442E-26 

100.00 

. 91458621E-27 

. OOOOOOOOE-99 

.91458621E-27 

200.00 

.22864655E-27 

. OOOOOOOOE-99 

.22864655E-27 

500.00 

. 36583443E-28 

. OOOOOOOOE-99 

. 36583442E-28 

1000.00 

.91458621E-29 

. OOOOOOOOE-99 

.91458621E-29 

2000.00 

. 22864655E-29 

. OOOOOOOOE-99 

.22864655E-29 

5000.00 

. 36583443E-30 

. OOOOOOOOE-99 

.36583442E-30 

10000.00 

. 91458621E-31 

. OOGOOOOOE-99 

.91458621E-31 

R  =  .  3  0  E  +0  1 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .loE+06 

THETA=30 ,60 

DEGREES 

N(0,0)=  .31622777E-05  N(-l,l) 

=  .72075920E-00 

T 

REAL  EY 

IMAG.  EY 

ABS.  EY 

.10 

.  15627357E-19 

.OOOOOOOOE-99 

. 15627357E-19 

.20 

. 39068391E-20 

. OOOOOOOOE-99 

. 39068391E-20 

.50 

. 62509419E-21 

. OOOOOOCOE-99 

.62509419E-21 

1.00 

.  15627357E-21 

.OOOOOOOOE-99 

. 15627357E-21 

2.00 

. 39068391E-22 

. OOOOOOOOE-99 

. 39068391E-22 

5.00 

.62509419E-23 

.OOOOOOOOE-99 

.62509419E-23 

10.00 

. 15627357E-23 

. OOOOOOOOE-99 

.15627357E-23 

20.00 

. 39068391E-24 

.OOOOOOOOE-99 

.39068391E-24 

50.00 

. 62509419E-25 

. OOOOOOOOE-99 

.62509419E-25 

100.00 

.  15627357E-25 

. OOOOOOOOE-99 

. 15627357E-25 

200.00 

. 39068391E-26 

.OOOOOOOOE-99 

. 39068391E-26 

500.00 

. 62509419E-27 

.OOOOOOOOE-99 

.62509419E-27 

1000.00 

.  15627357E-27 

. OOOOOOOOE-99 

. 15627357E-27 

2000.00 

. 39068391E-28 

. OOOOOOOOE-99 

. 39068391E-28 

5000 .00 

. 62509419E-29 

. OOOOOOOOE-99 

.62509419E-29 

10000.00 

.  15627357E-29 

. OOOOOOOOE-99 

.  15627357E-29 

R  =  .50E+01 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=30 ,60 

DEGREES 

N(0,0)=  .  19611613E-05  N(-l,l) 

=  .81980390E-00 

T 

REAL  EY 

IMAG.  EY 

ABS.  EY 

.10 

. 12538296E-19 

. OOOOOOOOE-99 

.  12538296E-19 

.20 

. 31345738E-20 

. OOOOOOOOE-99 

.31345737E-20 

.50 

.50153176E-21 

. OOOOOOOOE-99 

. 50153176E-21 

1.00 

. 12538296E-21 

. OOOOOOOOE-99 

,  12538296E-21 

2.00 

. 31345738E-22 

. OOOOOOOOE-99 

. 31345737E-22 

5.00 

.  50153176E-23 

. OOOOOOOOE-99 

.50153176E-23 

10.00 

.  12538296E-23 

.OOOOOOOOE-99 

.  12538296E-23 

20.00 

. 31345738E-24 

. OOOOOOOOE-99 

.31345737E-24 

50.00 

. 50153176E-25 

. OOOOOOOOE-99 

.50153176E-25 

100.00 

.  12538296E-25 

. OOOOOOOOE-99 

.  12538296E-25 

200.00 

. 31345738E-26 

. OOOOOOOOE-99 

.31345737E-26 

500.00 

.  50153176E“27 

. OOOOOOOOE-99 

.50153176E-27 

1000.00 

.  12538296E-27 

. OOOOOOOOE-99 

.  12538296E-27 

2000.00 

. 31345738E-28 

. OOOOOOOOE-99 

. 31345737E-28 

5000.00 

. 50153176E-29 

. OOOOOOOOE-99 

.50153176E-29 

10000.00 

. 12538296E-29 

. OOOOOOOOE-99 

. 12538296E-29 

5' 
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H  (  X  )  H .  E  .  1^  . 


R  =  .20E--00 

51=  .2000E-00  52= 

.2000E-02  D=  . 

'^hOE  +  04  E=  .lOE  +  06 

Tl  IETA=30  »60 

DEGREES 

N(1,0)=  .94286599E-10  N(0, 

1  ) 

=  .97097000E-06 

T 

REAL  HX 

IMAG.  HX 

ABS.  HX 

.10 

.91666403E-23 

-.94183446E-23 

. 13142773E-22 

.20 

.64356251E“23 

“.66400317E-23 

.92470152E-23 

.50 

.40122801E-23 

-.41861501E-23 

.57984691E^23 

1.00 

. 27971794E-23 

-.29546208E-23 

.40686602E-23 

^.00 

. 19132383E-23 

-. 2  1097930E-23 

. 28481059E“23 

5.00 

. 11025557E-23 

-.12296072E-23 

. 16515335E”23 

10.00 

.83820111E-24 

-.76075933E-24 

. 11319610E-23 

20.00 

. 70532677E-24 

-.54003118E-24 

.88832400E-24 

50.00 

.48338859E-24 

-.46317786u-24 

.66947610E-24 

100.00 

. 26895350E-24 

-.39120866E-24 

.47474224E~24 

200.00 

. 11071987e-^4 

-.27095037E-24 

.29269949L-24 

500.00 

. 25007055E-25 

-. 12314597E-24 

. 12565938E-24 

1000.00 

. 98375908E-26 

-. 70991477E-25 

.71669853E~25 

2000 .00 

18778273E-26 

-.34845589E-25 

. 34896150E-25 

5000.00 

.  15588711E-27 

12084373E-25 

. 12085378E-25 

10000.00 

. 50481778E-27 

-.64758555E-26 

.64955018E-26 

R  =  .30E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=30  »60 

DEGREES 

N(1»0)=  .  31622778E-1 1  N(0, 

1  ) 

=  .22792410E-05 

T 

REAL  HX 

IMAG.  HX 

ABS.  HX 

.10 

.73055366E-23 

-.  73191267E-23 

. 10341203E-22 

.20 

.  51619718E-23 

-.51756933E-23 

.73098395E-23 

.50 

. 32596102E-23 

-.32730685E-23 

.46193112E-23 

1.00 

. 23056533E-23 

-.23143526E-23 

. 32668432E-23 

2.00 

. 16119749E-23 

-.16583759E-23 

.23127199E-23 

5.00 

,95297993E-24 

-,96939615E-24 

. 13593747E-23 

10.00 

. 72906625E-24 

56552609E-24 

. 92269028E-24 

20.00 

. 64296834E-24 

-.32698793E-24 

.72133861E-24 

50.00 

. 59266547E-24 

-.18879571E-24 

.62200979E~24 

100.00 

. 57375005E-24 

-. 17035251E-24 

.59850571E-24 

200.00 

.  52668940E-24 

-.24707685E-24 

.58176343E-24 

500 .00 

. 27503346E-24 

-. 31983171E-24 

.42182427E-24 

1000.00 

.  10569493E-24 

-.23472319E-24 

. 25742259E-24 

2000.00 

. 32005650E-25 

-.  13562982E-24 

. 13935497E~24 

5000.00 

. 56022761E-26 

-. 57239062E-25 

.57512569E-25 

10000.00 

. 14305805E-26 

-.28885457E-25 

.28920860E“"25 

R  =  .50E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=30  »60 

DEGREES 

N{1,0)=  .75429281E-12  N(0, 

1  ) 

=  .16077678E-05 

T 

REAL  HX 

IMAG.  HX 

ABS.  HX 

.  1  0 

. 18647238E-23 

-. 18426645E-23 

.26215658E-23 

.20 

. 13181738E-23 

-.  13077113E-23 

.  18567958E-23 

.50 

.83311653E-24 

-.82974796E-24 

.  11758251E-23 

1.00 

. 58989594E-24 

-. 58775283E-24 

.83272481E-24 

2.00 

.41303304E-24 

-.42171904E-24 

.59029080E-24 

5.00 

. 24474067E-24 

-.24670776E-24 

.34750929E-24 

10.00 

. 18745055E-24 

-. 14353995E-24 

. 23609622E-24 

20.00 

. 16549121E-24 

-.82097923E-25 

. 18473605E-24 

50.00 

. 15213995E-24 

-.45642782E-25 

.  15883899E-24 

100.00 

. 14347558E-24 

-.  35509896E-25 

.  14780458E--24 

200.00 

. 13946960E-24 

-. 33639709E-25 

.  14346915E-24 

500.00 

. 12050461E-24 

-.68698140E-25 

.  13871119E-24 

1000.00 

. 65817480E-25 

-.79015050E-25 

.  10283636E-24 

2000.00 

. 24281872E-25 

56594636E-25 

.61583781E-25 

5000.00 

.475041 15E-26 

-.26280171E-25 

.26706062E-25 

10000.00 

. 12513581E-26 

13519638E-25 

.  13577426E-25 
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A61 


C  H(  Y  )  OF  A  II.  E.  I). 


R  :=  .00E-Q9  Sl=  .2000E-00  52  = 
N(],0)=  . lOOOOOOOE-09 

.2000E-02  l)=  . 

40L-I-0A  E=  .:i0E  +  06 

T 

REAL  HY 

I  MAG.  HY 

ABS.  HY 

.  1  0 

19584650E-21 

-. 1 1106470E-18 

.  1 1 106487E-18 

.20 

13787081E-21 

- . 55491356E-19 

.55491527E-19 

.50 

-. 86422145E-22 

-. 22164020E-19 

.22164188E-19 

1.00 

-.60622960E-22 

-. 1  1063689E-19 

. 1 1063854E-19 

2.00 

-. 41856664E-22 

-.55183551E-20 

.55185137e~20 

5.00 

-.24364926E-22 

-.21991154E-20 

.21992503E^20 

10.00 

-.  18596608E-22 

-. 10968842E-20 

.  1O97O417E-20 

20.00 

-.  16156288E-22 

-.54595773E-21 

.54619672E-21 

50.00 

-.  13036460E-22 

-.21395208E-‘21 

.  21434887E-'2l 

100.00 

-.92522260E-23 

-.  10292226E-21 

.  10333728E-21 

200.00 

-.  51795225E-23 

-.48552267E-22 

.48827758E-22 

500.00 

-. 17020543E-23 

-. 17993846E-22 

.  18074165E-22 

1000.00 

-.  58907215E-24 

-.86495692E-23 

.86696051E-23 

2000.00 

-. 17716192E-24 

-.42425050E-23 

.42462024E~23 

5000.00 

-. 35286045E-25 

-. 16801825E-23 

. 16805529E-23 

10000.00 

-.  10301533E-25 

-.83681315E-24 

.  83687655E-24 

R  =  .20E-00  51=  .2000E-00  52= 

THETA=  . 00000000E-99DEGREE5 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

N(1,0)=  .94286599E-10  N(0,1) 

=  .97097000E-06 

.10 

-.  18473338E-21 

-. 10471902E-18 

. 10471918E-18 

.20 

-. 13006968E-21 

-.52320858E-19 

.52321019E-19 

.50 

-.81559865E-22 

-.  20897678E-19 

.20897837E-19 

1.00 

-.57234228E-22 

-. 10431565E-19 

. 10431721E-19 

2.00 

-. 39539979E-22 

-.52030593E-20 

.52032094E-20 

5.00 

-. 23030512E-22 

-. 20734650E~20 

.20735928E-20 

10.00 

-. 17582652E-22 

-. 10342373E-20 

. 10343867E-20 

20.00 

-. 15305209E-22 

-.51482989E-21 

.51505733E-21 

50.00 

-. 12457637E-22 

-.20179976E-21 

.20218391E-21 

100.00 

-. 89322359E-23 

-. 97038128E-22 

.97448361E“22 

200.00 

50532408E-23 

-,45695966E-22 

.45974520E-22 

500.00 

-. 16643881E-23 

16877682E-22 

. 16959549E-22 

1000.00 

-.58672721E-24 

-.80990928E-23 

.81203172E-23 

2000.00 

-. 17833492E-24 

-.39618146E-23 

.  39658262E-23 

5000.00 

-. 34050858E-25 

-. 15682155E-23 

.  15685851E-23 

10000.00 

-. 98498072E-26 

-.78141014E-24 

.78147221E-24 

T 

REAL  HY 

IMAG.  HY 

AB5.  HY 

R  =  .20E-00  51=  .2000E-00  52= 

THETA=  . 29999999E+02DEGREE5 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

T 

REAL  HY 

IMAG.  HY 

AB5.  HY 

.  1  0 

-. 17944100E-21 

-.  10472445E-18 

. 10472460E-18 

.20 

-. 12635407E-21 

-.  52324688E-19 

.52324840E-19 

.50 

-.79243372E-22 

-. 20900094E-19 

. 20900244E-19 

1.00 

-.55619273E-22 

-. 10433270E-19 

. 10433417E-19 

2.00 

-. 38435369E-22 

-. 52042771E-20 

.52044189E-20 

5.00 

-. 22393949E-22 

-.20741747E-20 

.20742955E-20 

10.00 

-. 17098716E-22 

-. 10346765E-20 

. 10348177E-20 

20.00 

-. 14897988E-22 

-.  51514162E-21 

.  51535700E-21 

50.00 

-. 12178552E-22 

-. 20206716E-21 

.20243382E-21 

100.00 

-.87769549E-23 

-.97263986E-22 

.97659192E-22 

200.00 

-.49893165E-23 

-.45852395E-22 

.46123045E~22 

500.00 

-. 16499502E-23 

-. 16948779E-22 

. 17028900E-22 

1000.00 

-. 58104742E-24 

-.81400787E-23 

.816o7902E"23 

2000.00 

-. 17941908E-24 

-. 39819323E-23 

.39859724E~23 

5000.00 

-. 33960856E-25 

-.15751923E-23 

.  15755583E-23 

10000.00 

-.95583503E"26 

78514895E-24 

.78520712E-24 

A62 


C  IKY) 

OF  A  M.  E.  0. 

R  ^  .20E-00 

51=  .2000E-00  S 

2  = 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

TMi:-TA=  .  59999996E  +  02l)EGREES 

N (  1 ,0  )  =  .9A 

286599E-10  N(0, 

1  ) 

=  .97097000E-06 

T 

REAL  HY 

IMAG.  HY 

ABS.  HY 

.10 

-. 16885629E-21 

-. 10473532E-18 

. 10473545E-18 

.20 

-. 1 1892285E-21 

-. 52332354E-19 

.52332488E-19 

.50 

-. 74610401E-22 

-. 20904927E-19 

.  20905059E-19 

1.00 

“. 52389369E-22 

-. 10436682E-19 

. 10436813E-19 

2.00 

“. 36226154E-22 

-.52067132E-20 

.  52068391E-20 

5*00 

21120829E^22 

^.20755944E-20 

.20757018E-20 

10.00 

-. 16130845E^22 

10355548E-20 

. 10356804E-20 

20.00 

-. 14083546E-22 

-. 51576519E-21 

.51595743E-21 

50.00 

-. 11620384E-22 

-.20260198E-21 

.20293495E-21 

100.00 

-. 84663948E-23 

-.97715712E-22 

.98081803E-22 

200.00 

-.48614682E-23 

-.46165260E-22 

.46420523E-22 

500.00 

16210745E-23 

-. 17090975E-22 

.  17167682E-22 

1000.00 

-. 56968800E-24 

-.82220525E-23 

. 82417650E-23 

2000.00 

-. 18158741E-24 

-. 40221685E-23 

.40262652E“23 

5000.00 

-. 33780852E-25 

-.15891460E-23 

.  15895049E-23 

10000.00 

-.89754375E-26 

-.79262652E-24 

.79267733E-24 

R  =  .20E-00 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 89999992E+02DEGREES 

T 

REAL  HY 

IMAG.  HY 

ABS.  HY 

.10 

-. 16356393E-21 

-. 10474076E-18 

. 10474088E-18 

.20 

-. 11520724E-21 

-.52336190E-19 

.52336316E-19 

.50 

-.72293902E-22 

-.20907345E-19 

.20907469E-19 

1.00 

-. 50774419E-22 

-. 10438388E-19 

. 10438510E-19 

2.00 

-. 35121544E-22 

-.52079315E-20 

. 52080499E“20 

5.00 

-. 20484269E-22 

20763044E-20 

.20764054E-20 

10.00 

-. 15646910E-22 

-.  10359941E-20 

.  10361122E-20 

20.00 

-. 13676326E-22 

-.  51607700E-*21 

.51625818E-21 

50.00 

-. 11341299E-22 

-.20286940E-21 

.20318616E-21 

100.00 

-.83111149E-23 

-.97941576E-22 

.98293575E-22 

200.00 

-.47975442E-23 

-.46321696E-22 

.46569473E-22 

500.00 

-. 16066369E-23 

-. 17162074E-22 

. 17237112E-22 

1000.00 

-. 56400827E-24 

-.82630400E-23 

.82822662E-23 

2000.00 

-. 18267159E-24 

-.40422865E-23 

.40464117E-23 

5000.00 

~. 33690850E-25 

-.15961230E-23 

. 15964784E-23 

10000.00 

-.86839805E-26 

-. 79636545E-24 

.79641279E-24 

R  =  .30E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 00000000E-99DEGREES 

N(1,0)=  .31622778E-11  N(0, 

1  ) 

=  .22792410E-05 

T 

REAL  HY 

IMAG.  HY 

ABS.  HY 

.10 

-. 62531020E-23 

-. 35121735E-20 

.35121790E-20 

.20 

-.44196490E-23 

-. 17547899E-20 

. 17547954E-20 

.50 

-.27924983E-23 

-. 70088727E-21 

.70089283E-21 

1.00 

-. 19765648E-23 

-. 34986388E-21 

. 34986944E-21 

2.00 

-. 13832598E-23 

-. 17450312E-21 

. 17450860E-21 

5.00 

-. 81900403E-24 

-.69539494E-22 

.69544316E-22 

10.00 

-. 62704757E-24 

-. 34701565E-22 

.34707228E-22 

20.00 

-. 55341722E-24 

-. 17315048E-22 

. 17323889E-22 

50.00 

-. 50900840E-24 

-.68810690E-23 

.68998695E-23 

100.00 

-. 48616041 E-24 

-. 33913562E-23 

.34260251E-23 

200.00 

-.46571589E-24 

-.16065675E-23 

. 16727074E-23 

500.00 

-. 33340124E-24 

-.45958564E-24 

. 56778107E-24 

1000.00 

-. 17577045E-24 

-. 12029917E-24 

.21299563E-24 

2000.00 

-. 70540778E-25 

-. 15106836E-25 

.72140264E-25 

5000.00 

-. 16373027E-25 

.67924317E-26 

. 17726057E-25 

10000.00 

-.48783166E-26 

. 54525194E-26 

.73162791E-26 
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M  (  Y  )  M  .  E  .  n  . 

R  .30E  +  01  Sl=  .2000E-00  S2=  .2000E-02  l)=  .40LH-04  E=  .l0E'>-06 

THETA=  .  29999999E+021.)EGREES 


14(1, U)=  .  3162277aE“1  1  N(0,])=  ,  2279241  OL-03 


I 

REAL  IIY 

I  MAG.  HY 

A35.  HY 

.10 

-. 20352483E-23 

-.35163991E-20 

. 35163997E-20 

.20 

-. 14393832E-23 

17577780E-20 

. 17577785E-20 

.50 

-.91056143E-24 

-. 70277696E-21 

.70277754E-21 

1.00 

-.64539517E-24 

-. 35120005E-21 

.35120064E-21 

2.00 

-. 452  58  564E^24 

17546058E-21 

. 17546116E-21 

5.00 

-.26880078E-24 

7o699169E-22 

.70099684E-22 

10.00 

“.20612094E-24 

“.35028071E-22 

.35028676E--22 

20.00 

-. 18219929E-24 

-. 17503833E-22 

.  17504781E-22 

50.00 

-. 16683281E-24 

-.69900699E-23 

.69920604E-23 

100.00 

-. 15490564E-24 

-.34897092E-23 

. 34931454E-23 

200.00 

-. 16163162E-24 

17492174E-23 

. 17566690E-23 

500.00 

-. 17461058E-24 

-.64424055E-24 

.66748388E-24 

1000.00 

-. 1 1474745E-24 

-.25581665E-24 

.28037320E-24 

2000.00 

-. 52062303E-25 

-.93412736E-25 

.  10694120E-24 

5000.00 

-. 13138550E-25 

-.26254554E-25 

.29358527E“25 

10000.00 

-.40523704E-26 

-.1 1224506E-25 

. 11933617E-25 

R  =  .30E+01 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 59999996E+02DEGREES 

T 

REAL  HY 

IMAG.  HY 

AB5.  HY 

.10 

.64004571E-23 

35248505E-20 

. 35248561E~20 

.20 

.45211472E-23 

-. 17637543E-20 

. 17637600E-20 

.50 

.28533115E-23 

-. 70655641E-21 

.70656216E-21 

1.00 

. 20169435E-23 

-.35387243E-21 

.35387817E“21 

2.00 

, 14087623E-23 

-.17737552E-21 

.  1773811lE“2i 

5.00 

. 83160557E-24 

-.71218530E-22 

.71223384E-22 

10.00 

.63573212E-24 

-.35681086E“22 

.35686748E-22 

20.00 

. 56023648E-24 

-.17881407E-22 

.  17890181E~22 

50.00 

.51751825E-24 

-.72080722E-23 

.  72266264E-23 

100.00 

. 50760376E-24 

-. 36864151E-23 

.37211983E“23 

200.00 

.44653682E-24 

-. 20345171E-23 

.20829438E-23 

500.00 

. 14297065E-24 

-. 10135504E-23 

.  10235843E-23 

1000.00 

. 72985125E-26 

-. 52685160E-24 

.  52690214E-24 

2000.00 

-. 15105367E-25 

-.25002453E-24 

.25048041E-24 

5000.00 

-. 6669601 lE-26 

-.92348521E-25 

. 92589053E-25 

10000 .00 

-. 24004785E-26 

-.44578552E-25 

.44643134E-25 

R  =  .30E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 89999992E+02DEGREES 

T 

REAL  HY 

IMAG.  HY 

AB5.  HY 

.10 

. 10618312E-22 

-. 35290762E-20 

. 35290920E-20 

.20 

. 75014137E-23 

-. 17667425E-20 

. 17667584E-20 

.50 

.47352486E-23 

-. 70844610E-21 

.70846192E-21 

1.00 

. 33401133E-23 

-. 35520862E-21 

.35522437E-21 

2.00 

. 23394366E-23 

-.17833298E-21 

. 17834832E-21 

5.00 

. 13818088E-23 

-.71778212E-22 

.71791510E-22 

10.00 

. 10566588E-23 

-. 36007592E-22 

.36023092E-22 

20.00 

. 93145447E-24 

18070194E-22 

. 18094184E-22 

50.00 

.85969389E-24 

-.73170734E-23 

.73674036E-23 

100.00 

. 83885854E-24 

-. 37847684E-23 

. 38766164E-23 

200.00 

. 75062113E-24 

-.21771670E-23 

.23029303E-23 

500.00 

. 30176131E-24 

-.11982053E-23 

. 12356195E-23 

1000.00 

.68321512E-25 

-.66236912E-24 

.66588337E-24 

2000.00 

. 33731079E-26 

-. 32833044E-24 

.32834775E-24 

5000.00 

-. 34351250E-26 

-. 12539550E-24 

. 12544254E-24 

10000.00 

-. 15745328E-26 

-.61255577E-25 

.61275809E-25 
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l-l  (  Y  )  1 1 .  E  .  D  . 

R  =  .50E+01  Si=  .2000E-00  52=  .2000E-02  l)=  .40L+04  E=  .lOE+06 

THETA=  . 00000000E-99DEGREES 


N(1,0)=  .7 542 92 8  IF- 12  N(0,1) 

=  . 16077678E-05 

T 

REAL  flY 

IMAG.  HY 

ABS.  HY 

.10 

~. 14924670E-23 

-.83775254E-21 

.83775386E-21 

.20 

-.  10551551E-23 

-.41856701E-21 

.41856833E-21 

.50 

-.66704530E-24 

-. 16718146E-21 

. 16718278E-21 

1.00 

-.47244159E-24 

-.83452403E-22 

.83453740E-22 

2.00 

-. 33092904E-24 

-.41623895E-22 

.41625209E-22 

5.00 

-. 19621301E-24 

-. 16587135E-22 

. 16588295E“22 

10.00 

-. 15033976E-24 

-.82775147E-23 

.82788798E-23 

20.00 

-. 13279383E-24 

-.41307008E-23 

.41328347E-23 

50.00 

-. 12227218E-24 

-. 16425054E-23 

. 16470502E-23 

100.00 

-. 11537481E-24 

-.81122152E-24 

.81938494E-24 

200.00 

-. 10892733E-24 

-.39433500E-24 

.40910298E-24 

500.00 

-. 10167292E-24 

-. 12865693E-24 

. 16398167E-24 

1000.00 

-. 73101667E-25 

-.27815483E-25 

.78214798E-25 

2000.00 

-. 36823140E-25 

.95615027E-26 

. 38044262E-25 

5000.00 

-. 10193680E-25 

. 12682691E-25 

. 16271501E-25 

10000.00 

-. 32802180E-26 

. 80 165037E-26 

.86616489E-26 

R  =  .50E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 29999999E+02DEGREES 

T 

REAL  HY 

IMAG.  HY 

ABS.  HY 

.  10 

-.41586823E-24 

-. 83881632E-21 

.83881642E-21 

.20 

-.29410703E-24 

-.41932198E-21 

.41932207E-21 

.50 

-. 18604520E-24 

-. 16766050E-21 

. 16766060E-21 

1.00 

-. 13186499E-24 

-.83791732E-22 

.83791835E-22 

2.00 

-.92464320E-25 

-.41867371E-22 

.41867473E-22 

5.00 

-.54911920E-25 

-.16729570E-22 

. 16729659E-22 

10.00 

-.42115126E-25 

-. 83603870E-23 

.83604930E-23 

20.00 

-. 37247434E-25 

-.41780998E-23 

.41782657E-23 

50.00 

-. 34434133E-25 

-. 16688570E-23 

. 16692122E-23 

100.00 

-. 32539145E-25 

-.83172310E-24 

.83235936E-24 

200.00 

-.28404516E-25 

-.41375687E-24 

.41473070E-24 

500.00 

-. 32099543E-25 

-. 16831980E-24 

.  17135324E-24 

1000.00 

-. 35101926E-25 

-.73434843E-25 

.81393005E-25 

2000.00 

-. 22803995E-25 

-.23113426E-25 

.32469256E-25 

5000 .00 

-. 74510282E-26 

-.24901728E-26 

.78561301E-26 

10000,00 

-. 25577460E-26 

.21093673E-27 

.25664292E-26 

R  =  .50E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 59999996E+02DEGREES 

T 

REAL  HY 

IMAG.  HY 

ABS.  HY 

.10 

. 17373289E-23 

-.84094411E-21 

.84094590E-21 

.20 

. 12279887E-23 

-.42083201E-21 

.42083379E-21 

.50 

. 77595483E-24 

-.16861862E-21 

.  16862040E-21 

1.00 

. 54928808E-24 

-.84470417E-22 

.84472202E-22 

2.00 

. 38446503E-24 

-.42354331E-22 

.42356076E-22 

5.00 

.22769021E-24 

-. 17014444E-22 

. 17015967E-22 

10.00 

. 17433410E-24 

-.85261328E-23 

.85279149E-23 

20.00 

. 15384533E-24 

-.42728983E-23 

.42756669E-23 

50.00 

. 14124192E-24 

-. 17215609E-23 

. 17273451E-23 

100.00 

. 13313216E-24 

-.87272639E-24 

.88282247E-24 

200.00 

. 13264108E-24 

-.45260066E-24 

.47163652E-24 

500.00 

. 10704718E-24 

-.24764559E-24 

.  26979146E-24 

1000.00 

.40897547E-25 

-.16467355E-24 

.  16967612E-24 

2000.00 

. 52342904E-26 

-.88463270E-25 

.88617988E~25 

5000.00 

-. 19657265E-26 

-. 32835896E-25 

.  32894681E-25 

10000.00 

-. 11128024E-26 

-. 15400194E-25 

. 1 5440346E-25 

A6‘5 


H(Y)  H.E.n. 


R  =  .50E+01  Sl=  .2000E-00  S2=  .2000E-02  l,)=  .40E  +  04  b=  .l0L-f'06 

TlirTA=  .  899^R99?E  +  02nLGREES 

N(1,0)=  .  79429281E-1.2  N  (  0 , 1.  )  =  .  1  6077678r:--05 


T 

REAL  HY 

IMAU.  HY 

ABS.  MY 

.10 

. 28139279E-23 

-.84200800E-21 

.84201269E-21 

.20 

.  19890369E-23 

-.42158704E-21 

.42159172E-21 

.50 

. 12569550E-23 

16909768E-*21 

. 16910234E-21 

1.00 

. 88986468E-24 

-.84809757E“22 

.84814425E-22 

2.00 

. 62292981E-24 

-.42597813E-"22 

.42602367E-22 

5.00 

.  3689.9133E-24 

-. 17156882E-22 

. 17160849E-22 

10.00 

.  28255874E‘-24 

-.86090056E--23 

.86136412E-23 

20.00 

. 24939174E-24 

-.43202976E-23 

.43274896E-23 

50.00 

. 22907998E-24 

-. 17479128E-23 

. 17628604E-23 

100.00 

. 21596785E-24 

-.89322809E-24 

.91896601E-24 

200.00 

.2l316391E‘-24 

-.47202259E~24 

.  51792294E-24 

500.00 

. 17662055E-24 

-.28730849E-^24 

.33725506E-^24 

1000.00 

. 78897288E-25 

-.21029292E-24 

.22460608E-24 

2000 .00 

. 19253439E-25 

-. 12113821E-24 

.  12265871E--24 

5000.00 

. 77692532E-27 

-.48008763E-25 

. 4801 5048E-25 

10000.00 

-. 39033039E-27 

-.23205761E-25 

.23209043E-25 

H(Z)  OF  A  H.E.D.  =0  AT  THETA=0  FOR 
ALL  R 


A66 


THL  M(Z  )  OF  A  H.E.l). 

R  =  .20E-00  Sl=  .2000E-00  S2=  .2000E-02  D=  .40E+04  E=  .loE+06 
TMETA=  .  29999999E  +  021)LGREES 


N(l,l)=  . 1B857319E-10 


T 

REAL  HZ 

I  Mag.  HZ 

abs.  hz 

.10 

,  53112838E"'22 

-.53837214E-22 

.75626841E-22 

.20 

. 37344953E-22 

-.38066429E-22 

.53326339E-22 

.50 

. 23352739E-22 

-.24070560E-22 

. 33537176E-22 

1.00 

. 16336402E-22 

-. 17016454E-22 

.23588932E-22 

2.00 

.  11232356E-22 

-. 12169769E-22 

. 16561071E-22 

5.00 

.65080233E-23 

-.71002476E-23 

.96316085E-23 

10.00 

.49616031E-23 

-.43270544E-23 

.65833809E-23 

20.00 

.42618337E-23 

-.29555490E-23 

.51863759E-23 

50.00 

. 32111255E-23 

-.25337858E-23 

.40904030E-23 

100.00 

. 20304282E-23 

-.23276744E-23 

. 30888034E-23 

200.00 

. 96945318E-24 

-.17767215E-23 

. 20240006E-23 

500.00 

.25085166E-24 

-,93264834E-24 

, 96579474E-24 

1000.00 

.75148105E-25 

-. 50323943E-24 

. 50881936E-24 

2000.00 

. 20471130E-25 

-.25890433E-24 

.25971237E-24 

5000.00 

. 34169391E-26 

-. 10461895E-24 

, 10467473E-24 

10000.00 

.87120662E-27 

-.52405119E-25 

.52412360E-25 

R  =  .20E-00 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .loE+06 

THETA=  . 59999996E+02DEGREES 

T 

REAL  HZ 

IMAG.  HZ 

ABS.  HZ 

.10 

.91994129E-22 

-. 93248784E-22 

. 13098952E-21 

.20 

.64683351E-22 

-.65932984E-22 

. 92363923E-22 

.50 

.40448128E-22 

-,41691430E-22 

.58088091E-22 

1.00 

. 28295477E-22 

-.29473361 E-22 

.40857227E-22 

2.00 

. 19455010E-22 

-.21078657E-22 

.28684615E-22 

5,00 

,  11272227E-22 

-. 12297989E-22 

. 16682434E“22 

10.00 

.  85937482E-23 

-.74946777E-23 

. 11402749E-22 

20,00 

.73817119E-23 

-,5119l606E-23 

. 89830660E“23 

50.00 

. 55618323E-23 

-.43886455E-23 

.70847856E-23 

100.00 

. 35168046E-23 

-.40316501E-23 

. 53499642E-23 

200.00 

.  16791420E-23 

-. 30773717E-23 

. 35056716E-23 

500.00 

.43448781E-24 

-. 16153943E-23 

. 16728055E-23 

1000.00 

.  13016033E-24 

-.87163620E-24 

. 88 130095E-24 

2000.00 

, 35457034E~25 

-.44843542E-24 

.44983500E-24 

5000.00 

, 59183119E-26 

-. 18120534E-24 

. 18130196E-24 

10000.00 

. 15089740E-26 

-. 90768323E-25 

.90780865E-25 

R  =  .20E-00 

Sl=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 89999992E+02DEGREES 

T 

REAL  HZ 

IMAG.  HZ 

ABS.  HZ 

.10 

.  10622567E-21 

-. 10767443E-21 

. 15125368E-21 

.20 

. 74689904E-22 

-.76132855E-22 

. 10665267E-21 

.50 

.46705477E-22 

-. 481411 19E-22 

.67074353E-22 

1  .-0  0 

. 32672804E-22 

-. 34032907E-22 

.47177864E-22 

2.00 

. 22464712E-22 

-,24339538E-22 

.33122143E-22 

5.00 

. 13016047E-22 

-.14200495E-22 

.19263217E-22 

10.00 

, 99232061E-23 

-.86541087E-23 

. 13166761E-22 

20.00 

.85236670E-23 

-.59110978E-23 

. 10372751E-22 

50.00 

.64222510E-23 

-,50675715E-23 

.81808061E-23 

100.00 

.40608564E-23 

-.46553487E-23 

.61776068E-23 

200.00 

. 19389063E-23 

-.35534429E-23 

.40480011E-23 

500.00 

.50170333E-24 

-. 18652967E-23 

, 19315895E-23 

1000.00 

. 15029621E-24 

10064788E-23 

, 10176386E-23 

2000 ,00 

.40942258E-25 

-. 51780864E-24 

.51942472E-24 

5000.00 

.68338782E-26 

-.20923791E-24 

.20934947E-24 

10000.00 

. 17424132E-26 

-. 10481024E-24 

. 10482472E-24 
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THE-  M(Z)  OF  A  II.E.P. 

R  =  .30E+01  51=  .2000E-00  S2=  .2000E-02  0=  .40E+04  E=  .lOE+06 

THETA=  .  29999999E  +  02I)EGREES 


N(l,l)=  . 94868334E-1 1 


T 

REAL  HZ 

IMAG.  HZ 

AB5.  HZ 

.10 

. 28218992E-23 

-.28168086E-23 

.39871700E-23 

.20 

. 19968480E-23 

-.19918796E-23 

.28204585E-23 

.50 

. 12646205E-23 

-. 12597212E“23 

. 17849824E-23 

1.00 

. 89745873E-24 

-.89072982E-24 

. 12644491E-23 

2.00 

.63050679E-24 

-.63854051E-24 

.89736992E-24 

5.00 

. 37540383E-24 

-.37328560E-24 

. 52940549E-24 

10.00 

. 28796848E-24 

-.21559252E-24 

.35973042E-24 

2  0.00 

. 25423076E-24 

-. 1 1959177E-24 

.28695456E‘-24 

50.00 

.23256304E-24 

-. 53403230E-25 

.23861574E-24 

100.00 

. 23114712E-24 

-.13546227E-25 

.23154371E-24 

200.00 

.27881798E-24 

10237095E-'25 

.27900584E*'24 

500.00 

.24769421E-24 

13630472E-24 

.28272141E“24 

1000 . 0  0 

. 12632238E-24 

-.15578618E-24 

.20056589E-24 

2000 . 0  0 

.45882309E-25 

10883075E-24 

.  11810723E-24 

5000.00 

.91994504E-26 

-. 50383868E-25 

.  51216833E-25 

10000.00 

.24818097E-26 

-,25993899E-25 

.26112107E-25 

R  =  .30E+01 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  . 59999996E+02DEGREES 

T 

REAL  HZ 

IMAG.  HZ 

ABS.  HZ 

.10 

.48876725E-23 

-.48788554E-23 

.69059808E-23 

.20 

. 34586419E-23 

-•34500363E-23 

.40851769E-23 

.50 

..21903869E-23 

-.21819010E-23 

.30916802E-23 

1.00 

.  15544440E-23 

15427892E-23 

.21900900E-23 

2.00 

. 10920697E”23 

-.  1  1059845E“23 

. 15542901E-23 

5.00 

. 65021848E-24 

-.64654960E-24 

.91695717E-24 

10.00 

.49877602E-24 

37341718E-24 

.62307135E-24 

20.00 

.44034055E-24 

".20713901E~24 

.48662753E-24 

50.00 

.40281099E“24 

-.92497104E-25 

.41329456E-24 

100.00 

. 40035854E-24 

-,23462753e~25 

,40104545e-24 

200.00 

.48292687E-24 

17731168E“25 

.48325226E-24 

500.00 

. 42901895E“24 

-.23608670E-24 

.48968784E-24 

1000.00 

. 21879676E-24 

-,26982957E-24 

. 34739028E“24 

2000.00 

, 79470483E-25 

-.  18850037E-24 

. 20456770E-24 

5000.00 

.  15933915E-25 

•-.87267416E-25 

.88710154E-25 

10000 .00 

.42986202E-26 

-.45022750E-25 

.45227492E-25 

R  =  .30E+01 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

TH£TA=  . 89999992E+02DEGREES 

T 

REAL  HZ 

IMAG.  HZ 

ABS.  HZ 

.10 

. 56437983E-23 

-.56336172E-23 

.79743402E-23 

.20 

.  39936958E-23 

39837590E-23 

.56409167E-23 

.50 

.25292410E-23 

“,25194423E-43 

. 35699648E-23 

1 .00 

. 17949174E-23 

-. 17814596E-23 

.25288983E-23 

2.00 

.  12610135E-23 

-. 12770810E-23 

. 17947397E-23 

5.00 

.75080766E-24 

-.74657120E-24 

.  10588109E-23 

10.00 

.57593696E-24 

-.43118503E-24 

.71946084E-24 

20.00 

.  50846149E-24 

-.23918353E-24 

.56190911E-24 

50.00 

.46512609E-24 

-.  10680646E-24 

.47723149E-24 

100.00 

.46229424E-24 

-.27092454E-25 

.46308742E-24 

200.00 

.55763594E-24 

-.20474190E-25 

.55801167E-24 

50O.00 

.49538843E-24 

-. 27260945E-24 

. 56544284E“24 

1000 .00 

. 25264475E-24 

-. 31157236E-24 

,4o113177E-24 

200j . 00 

.91764614E-25 

-,21766149E-24 

.23621445E-24 

5000.00 

. 18398901E-25 

-. 10076774E-24 

. 10243366E-24 

10000.00 

.49636192E-26 

-.51987796E-25 

.52224212E-25 

A68 


I  ML  H(Z )  OF  A  H.L.O. 

R  =  .50E+01  51=  .20Q0E-00  52=  .2000E-02  D=  .40L+04  E=  .loE+06 

THETA=  .  29999999E  +  02I)EGREE5 
N(l,l)=  .37714640E-11 


T 

REAL  HZ 

IMAG.  HZ 

AB5.  HZ 

.10 

.43103820E-24 

-.45002960E-24 

.62315372E-24 

.20 

. 30516706E-24 

-. 31412227E-24 

.43794946E-24 

.50 

. 19345224E-24 

19620955E-24 

.27559636E-24 

1.00 

. 13744482E-24 

-. 1 3794899E-24 

. 19473315E-24 

2.00 

.96717633E-25 

-.98466053E-25 

. 13802124E-24 

5.00 

. 57734212E-25 

-. 57360341E-25 

.01384567E-25 

10.00 

.44373472E-25 

-. 32978249E-25 

.55286254E-25 

20.00 

. 39303811E-25 

-. 18060153E-25 

.43254580E-25 

100.00 

. 33956807E-25 

-.37191209E-26 

. 34159866E-25 

200.00 

, 32662255E-25 

.61153428E-26 

. 33229810E-25 

500.00 

. 57838587E-25 

. 46284257E“26 

,5802348lE“25 

1000.00 

. 52187497E-25 

-.23812899E-25 

. 57363654E-25 

2000.00 

. 26177058E-25 

30585o51E~25 

.40257716E-25 

5000.00 

.64482419E-26 

-. 18246585E-25 

. 19352459E“25 

10000.00 

, 18719131E-26 

99977503E-26 

. 10171482E-25 

R  =  .50E+01  51=  .2000E-00  52= 

THETA=  . 59999996E+02DEGREE5 
N(l,l)=  .37714640E-11 

.2000E-02  D=  . 

40E+04  E=  .loE+06 

T 

REAL  HZ 

IMAG.  HZ 

AB5 .  HZ 

o 

I — 1 

• 

.74658002E-24 

-.77947408E-24 

. 10793338E-23 

.20 

. 52856481E-24 

54407569E-24 

.75855067E-24 

.50 

. 33506909E-24 

-.33998346E-24 

.47734688E-24 

1.00 

,23806140E-24 

-,23893465E-24 

.33728769E-24 

2.00 

. 16751984E-24 

-.17054819E~24 

.23905978E-24 

5.00 

. 99998584E-25 

-.99351022E-25 

. 14096220E-24 

10.00 

. 76857103E-25 

-.57119999E-25 

.95758595E-25 

20.00 

.68076193E-25 

-.31281100E-25 

.74919125E-25 

50.00 

. 63139818E-25 

-. 14063390E-25 

.&4687058E-25 

100.00 

. 58814911E-25 

-.64417060E-26 

.59166623E-25 

200,00 

. 56572680E-25 

. 10592084E-25 

. 57555714E-25 

500.00 

. 10017937E-24 

. 80166681E-26 

. 10049961E-24 

1000.00 

.90391392E-25 

-.41245149E-25 

.99356761E“25 

2000.00 

.45339991E-25 

-. 52974857E-25 

.69728403E-25 

5000.00 

, 11168682E-25 

-.31604010E-25 

. 33519440E-25 

10000.00 

, 32422483E-26 

-. 17316610E-25 

. 17617523E-25 

R  =  .50E+01  51=  .2000E-00  52= 

THETA=  . 89999992E+02DEGREE5 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

T 

REAL  HZ 

IMAG.  HZ 

AB5.  HZ 

.10 

.86207639E-24 

-. 90005917E-24 

. 12463074E-23 

.20 

.61033410E-24 

-.62824452E-24 

. 87589890E-24 

.50 

. 38690447E-24 

39257910E-24 

.55119272E-24 

1.00 

. 27488964E-24 

-,27589798E-24 

. 38946630E-24 

2.00 

. 19343526E-24 

-.19693210E-24 

.27604248E-24 

5.00 

. 11546842E-24 

-. 1 1472068E-24 

. 16276913E-24 

10.00 

, 88746942E-25 

-.65956497E-25 

. 11057250E~24 

20.00 

.78607620E-25 

-.36120305E-25 

.86509157E-25 

50.00 

. 72907584E-25 

16239005E-25 

.74694183E-25 

100.00 

.67913612E-25 

-. 74382417E-26 

.68319734E~25 

200.00 

.65324507E-25 

, 12230685E-25 

.66459617E-25 

500,00 

. 11567717E-24 

.92568514E-26 

. 11604696E-24 

1000.00 

. 10437499E-24 

-,47625798E-25 

.11472730E-24 

2000.00 

. 52354114E-25 

-.61170099E-25 

.80515428E-25 

5000.00 

.  12896484E-25 

-. 36493169E-25 

, 38704918E-25 

10000.00 

. 37438260E-26 

-. 19995500E-25 

.20342965E-25 

a69 


APPENDIX  XI 

Absolute  values  of  the  horizontal  E  and  H  fields 
on  the  earth’s  surface  of  the  horizontal  dipoles,  the  angles 
the  fields  make  with  the  x-axls  (deh,oted  by  angle),  and  the 
phase  angles  of  their  x-  and  y-components  (denoted  by  phasx 
and  phasy). 

Since  these  angles  are  computed  from  arctan  (y- 
component/x-component ) ,  a  positive  angle  can  be  either  in 
the  1st  or  Si’d  quadrant,  and  a  negative  angle  can  be  either 
in  the  2nd  or  4th  quadrant.  When  in  doubt,  one  should  check 
the  field  components  in  Appendix  X.  When  the  x-component 
is  equal  to  zero,  the  angle  is  automatically  set  as  equal 
to  90°;  this  is  not  valid  if  the  y-component  is  also  zero. 
Therefore  one  has  to  be  very  careful  in  using  these  tables. 

See  front  page  of  Appendix  IX  for  meaning  of  other 


symbols . 
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MOR.  MAGN.  DIPOLE 

THE  TOTAL  E-FIELD  ON  THE  SURFACE  OF  THE  LARTH 

R=  .20  tiieta=  .degree 


T' 

abs.fld. 

ANGLE 

PHASX 

PHASY 

SEC 

strength 

DEGREE 

DEGREE 

degree 

.  1  0 

.32984194E-16 

90.00 

90.00 

-45,25 

.20 

.23280152E-16 

90.00 

90.00 

-45.36 

.50 

.14667514E-16 

90.00 

90.00 

-45.59 

1.00 

.10337176E-16 

90.00 

90.00 

-45.78 

2.00 

.72793801E-17 

90.00 

90.00 

-46.76 

5.00 

.42479850E-17 

90.00 

90.00 

-46.79 

10.00 

.28938173E-17 

90.00 

90.00 

-39.85 

20.00 

.22824689E-17 

90*00 

90.00 

^31.71 

50.00 

.18878124E-17 

90.00 

90.00 

-^31.47 

100.00 

.1 5394028E-17 

90.00 

90.00 

-39.96 

200.00 

.1 1052490E-17 

90.00 

90.00 

-51.95 

500.00 

.58821792E-18 

90.  00 

90.00 

-67.18 

1000.00 

.32622230E-18 

90.00 

90.00 

-75.79 

2000.00 

.17274752E-18 

90.00 

90.00 

-81.36 

5000.00 

.7 1428007E-19 

90.00 

90.00 

-86.16 

10000.00 

.35895817E-19 

90.00 

90.00 

-88.03 

=  .20 

theta=  30. degree 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.34112455E-16 

86.86 

-45.77 

-45.26 

.20 

.24073907E-16 

86.87 

-45.89 

-45.38 

.50 

.1 5165111E-16 

86.88 

-46.21 

-45.61 

1.00 

.10686258E-16 

86.90 

-46.56 

-45.81 

2.00 

.75236638E-17 

86.91 

-47.79 

-46.79 

5.00 

.43895851E-17 

86.93 

-48,11 

-46.83 

10.00 

.29908439E-17 

86.91 

-42.22 

-39,93 

20.00 

.23583041E-17 

86.93 

-37.43 

-31.89 

50.00 

.19437865E-17 

87.19 

-43.77 

-31.81 

100.00 

.15783688E-17 

87.55 

-55,49 

-40.33 

200.00 

.1 1291160E-17 

87.89 

-67.77 

-52.28 

500.00 

.59858612E-18 

88.29 

-78.52 

-67.37 

1000.00 

.33221757E-18 

88.24 

-82.11 

-75.90 

2000 .00 

.17561908E-18 

88.38 

86.91 

-81.55 

5000.00 

.72437494E-19 

88,64 

-89.26 

-86.20 

10000.00 

.36439405E~19 

88 . 54 

-85.54 

-87.99 

=  .20 

theta=  60. degree 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

degree 

degree 

.10 

.36263869E-16 

87.05 

-45.77 

-45.29 

.20 

.25587599E-16 

87.05 

-45,89 

-45.41 

.50 

.16114293E-16 

87.07 

-46.21 

-45.64 

1.00 

.1 1352272E-16 

87.08 

-46,56 

-45.85 

2.00 

.79898530E-17 

87.09 

-47.79 

-46.85 

5.00 

.46598957E-17 

87,  11 

-48.11 

-46.91 

10.00 

.31760163E-17 

87.09 

-42.22 

-40.06 

20.00 

.25030911E-17 

87.11 

-37.43 

-32.21 

50.00 

.20511569E-17 

87.34 

-43.77 

-32,45 

100.00 

. 1 6535484E-1 7 

87.66 

-55.49 

-41.04 

200.00 

.1 1753972E-17 

87.97 

-67.77 

-52.91 

500.00 

.61880153E-18 

88.34 

-78.52 

-67.74 

1000.00 

.34389476E-18 

88.30 

-82.11 

-76.11 

2000.00 

.18122569E-18 

88.43 

86.91 

-81,91 

5000.00 

.74415396E-19 

88.67 

-89.26 

-86.28 

10000.00 

.37502949E-19 

88.59 

-85.54 

-87.92 

A71 

nor.  M.AGiM 

.  f)  I  POLE 

THE  TOTAL 

E-FILLl)  ON  THE  SURFACE  OF  THE 

earth 

.20 

THETA=  90. degree 

T 

abs.fld. 

angle 

PHASX 

PHASY 

SEC 

strength 

DEGREE 

DEGREE 

DEGREE 

.10 

.37293090E-16 

89.99 

“A5.77 

-45.31 

.20 

.26311838E-16 

89.99 

-45.89 

-45.42 

.50 

.16568506E-16 

89.99 

-46.21 

-45.66 

1.00 

.1 1671038E-16 

89.99 

-46 .56 

-45.87 

2.00 

.82130376E-17 

89.99 

-47.79 

-46.88 

5.00 

.47893350E“17 

89.99 

-48.11 

-46.94 

10.00 

.32646672E-17 

89.99 

-42.22 

-40.12 

20.00 

.25724306E-17 

89.99 

-37.43 

-32.36 

50.00 

.21027873E-17 

89,99 

-43.77 

-32.74 

100.00 

.16898846E-17 

89.99 

-55.49 

-41.37 

200.00 

.1 1978676E-17 

89.99 

-67.77 

-53.20 

500.00 

.62866553E-18 

89,99 

-78.52 

-67.92 

1000.00 

.34958714E-18 

89.99 

-82.11 

-76.21 

2000.00 

.18396496E-18 

89.99 

86.91 

-82.08 

5000.00 

.75384887E-19 

89,99 

-89.26 

-86.32 

10000.00 

.38023570E-19 

89.99 

-85.54 

-87.89 

R  =  3 . Ou 

theta=oo. degrees 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

strength 

DEGREE 

DEGREE 

degree 

.10 

.21343036E-17 

90.00 

90.00 

-45 ,06 

.20 

.15085228E-17 

90.00 

90.00 

-45.09 

.50 

.95314440E-18 

90.00 

90.00 

-45.14 

1.00 

.67393887E-18 

90.00 

90.00 

-45.14 

2.00 

.47696874E-18 

90.00 

90.00 

-45.86 

5.00 

.28023069E-18 

90.00 

90.00 

-45.56 

10,00 

.19016908E-18 

90,00 

90.00 

-37.92 

20.00 

.14863591E-18 

90.00 

90.00 

-27.16 

50,00 

.12836991E-18 

90.00 

90.00 

-18.05 

100.00 

.12495091E-18 

90.00 

90.00 

-17.61 

200.00 

.12197127E-18 

90.00 

90.00 

-29.10 

500.00 

.82245519E-19 

90.00 

90.00 

-58.60 

1000.00 

.45139686E-19 

90.  00 

90.00 

-77.59 

2000.00 

.21642728E-19 

90.00 

90.00 

-88.73 

5000.00 

.78273528E-20 

90.00 

90.00 

86.42 

10000 .00 

.37080706E-20 

90.00 

90.00 

86.54 

R=3.00 

THETA=30. DEGREES 

T 

ABS.FLD. 

angle 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.19521675E-17 

41.23 

-45.05 

-45.07 

.20 

.1 3798244E-17 

41.22 

-45.07 

-45.10 

.50 

.87186219E-18 

41.21 

-45.11 

-45 .16 

1.00 

.61650365E-18 

41.21 

-45.10 

-45.17 

2.00 

.43635468E-18 

41 ,19 

-45.81 

-45.90 

5.00 

,25640075E-18 

41 . 17 

-45.48 

-45.62 

10.00 

,17400810E-18 

41 . 16 

-37.80 

-38.00 

20.00 

.13601358E-18 

41 .15 

-26.95 

-27.30 

50.00 

.1 1741783E-18 

41.22 

-17.66 

-18,30 

100.00 

.11393797E-18 

41.77 

-16.53 

-18.31 

200.00 

.11121169E-18 

42 . 04 

-25.13 

-31.65 

500.00 

.77029774E-19 

38.97 

-49.30 

-65.23 

1000,00 

.44204262E-19 

34.23 

-65.75 

-87.61 

2000,00 

.22509798E-19 

28.48 

-76.72 

78.47 

5000.00 

.87921489E-20 

21.77 

-84.40 

73.12 

10000.00 

.43304950E-20 

18.53 

-87.16 

7  5.66 

m' 
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HOR.  MAGN.  DIPOLE 

IHE  TOTAL  L-FILLL)  ON  THE  SURFACE  OF  THE  EARTH 
R  =  3.0  ThlETA  =  60. DEGREES 


T 

abs.fld. 

angle 

PH  ASX 

IN  lASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.15239302E-17 

15.55 

^45.05 

-44.99 

.20 

.10772514E-17 

15.55 

-45.07 

-44.99 

.50 

.68078714E-18 

15.57 

-45.11 

-44.97 

1.00 

.48149861E-18 

15,58 

-45.16 

-44.96 

2.00 

.34090868E-18 

15.60 

-45.81 

-45.53 

5.00 

.20041301E-18 

15.64 

-45.48 

-45.07 

10.00 

.13604396E-18 

15.65 

-37.80 

-37.16 

20.00 

.10636640E-18 

15.67 

-26.95 

-25.86 

50.00 

.9'1668853E-19 

15.56 

-17.66 

-15.66 

100.00 

.87864232E-19 

14.74 

-16.53 

^10.50 

200.00 

.85732962E-19 

15.55 

-25.13 

-3.54 

500.00 

.65361363E-19 

23.61 

-49.30 

-18.80 

1000.00 

.42271354E-19 

30.16 

-65.75 

-"39.92 

2000.00 

.24150723E-19 

34.99 

-76.72 

-57.74 

5000.00 

.10458046E-19 

38,67 

-84.40 

-73.41 

10000.00 

.53628328E-20 

40.03 

-87.16 

-80.40 

=3.0  THETA=90  DEGREES 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

degree 

.10 

.12562040E-17 

89.99 

-45.05 

-45.03 

.20 

.88810131E-18 

89.99 

-45.07 

-45.04 

.50 

.56136652E-18 

89.99 

-45.11 

-45.07 

1.00 

.39714185E-18 

89.99 

-45.10 

-45.04 

2.00 

.28129183E-18 

89.99 

-45.81 

-45.72 

5.00 

.16546079E-18 

89,99 

-45.48 

-45.35 

10.00 

.11234996E-18 

89,99 

-37.80 

-37.59 

20.00 

.87868498E-19 

89.99 

-26.95 

-26.59 

50.00 

.75573079E-19 

89.99 

-17.66 

-17.01 

100.00 

.71339004E-19 

89.99 

-16.53 

-14.64 

200.00 

.69578656E-19 

89.99 

-25.13 

-18.14 

500.00 

.58663180E-19 

89.99 

-49.30 

-36.20 

1000.00 

.41270963E-19 

89.99 

-65.75 

-52.79 

2000.00 

.24930716E-19 

89.99 

-76.72 

-66.31 

5000.00 

.1 1 198444E-19 

89.99 

-84.40 

-78.01 

10000.00 

.58106256E-20 

89.99 

-87.16 

-83.15 

=  5.00 

theta=  .degree 

T 

ABS.FLD. 

angle 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

degree 

.10 

.55976596E-18 

90.00 

90.00 

-44.46 

.20 

.39684279E-18 

90.00 

90.00 

-44.63 

.50 

.25151524E-18 

90.00 

90.00 

-44.80 

1.00 

.17819014E-18 

90.00 

90.00 

-44.84 

2.00 

.12633803E-18 

90.00 

90.00 

-45.57 

5.00 

.74383053E-19 

90.00 

90.00 

-45.22 

10.00 

.50540246E-19 

90.00 

90.00 

-37.46 

20.00 

.39545367E-19 

90.00 

90.00 

-26.44 

50.00 

.33982960E-19 

90.00 

90.00 

-16.85 

100.00 

.3 1604185E-19 

90.00 

90.00 

-14.03 

200.00 

.31 163749E-19 

90.00 

90.00 

-13.81 

500.00 

.30271640E-19 

90.00 

90.00 

-34.07 

1000.00 

.2 1150026E-19 

90.00 

90.00 

-58.02 

2000.00 

.1  1568151E-19 

90.00 

90.00 

-76.33 

5000.00 

.44342124E-20 

90.00 

90.00 

-88.57 

10000.00 

.2  1037700E-20 

90.00 

90.00 

88.49 

A73 


HOR.  magn. 

THE  TOTAL 

n  I  ROLE 

E“F1EL0  ON  THE  SURFACE  OF  THE 

EARTH 

R=  3.00 

T 

THETA=  SO.nEGREE 
abs.fld. 

ANGLE 

RHASX 

PliASY 

SEC 

strength 

E  G  R  L  L 

DEGREE 

degree 

.  1  0 

.50741238E-18 

42.82 

-44.65 

-44.34 

.20 

.35964212E-18 

42.86 

-44.77 

-44.55 

.50 

.22788969E-18 

42 .92 

-44.88 

-44.75 

1.00 

.16143738E-18 

42.91 

^44.89 

-44.81 

2.00 

.1 1445458E-18 

42.92 

-45.59 

-45.55 

5.00 

.67385014E^19 

42.93 

-45.22 

-45.22 

lo  .00 

.45784301E-19 

42.93 

-37.44 

-37.47 

20.00 

.35824162E-19 

42 .93 

-26.38 

-26.48 

50.00 

.30789446E-19 

42.91 

-16.69 

-16.95 

100.00 

.28638255E-19 

42.88 

-13.90 

-14.11 

200.00 

.28131716E-19 

43.61 

-13.56 

-13.96 

500.00 

.27333269E-19 

43.90 

-29.68 

-36.70 

1000,00 

,19449500E-19 

41.33 

-50.20 

-63.13 

2000.00 

.10980694E-19 

37.22 

-66.77 

-83.57 

5000.00 

,44323476E-20 

31,19 

-79.75 

83,01 

10000.00 

.21749332E-20 

27.59 

-84.71 

80.97 

R=  5.00 

T 

theta=  60. degree 
abs.fld. 

ANGLE 

PHASX 

PHASY 

SEC 

strength 

DEGREE 

DEGREE 

DEGREE 

.10 

.38174277E-18 

12.84 

-44,65 

-45,93 

.20 

.27029518E-18 

12.77 

-44.77 

—  45  *66 

,50 

.17111817E-18 

12.70 

-44.88 

-45,40 

1.00 

.12117204E-18 

12.66 

-44.89 

-45.21 

2.00 

,8  5889295E-19 

12,65 

-45 .59 

-45.75 

5.00 

.50562287E-19 

12.64 

-45.22 

-45.22 

10.00 

.34350753E-19 

12.63 

-37.44 

-37.29 

20.00 

.26878245E-19 

12.63 

-26.38 

-25,95 

50.00 

.23114646E-19 

12.68 

-16.69 

-15.63 

100.00 

.2  1512788E-19 

12 . 73 

-13.90 

-13.01 

200.00 

.20780326E-19 

11.42 

-13.56 

-11.66 

500.00 

.20213317E-19 

13.03 

-29.68 

.83 

1000.00 

.1 5498451 E-19 

19,60 

-50.20 

-16.63 

2000.00 

.96996234E-20 

25.66 

-66.77 

-39.57 

5000,00 

.44286168E~20 

31.11 

-79.75 

-62.46 

10000 .00 

.2  3106941E-20 

33,46 

-84.71 

-73.44 

R=  5.00 

T 

theta=  90. degree 
abs.fld. 

ANGLE 

PHASX 

PHASY 

SEC 

strength 

DEGREE 

degree 

degree 

.10 

.29976357E-18 

89.99 

-44.65 

-45.02 

.20 

.2 1 193909E-18 

89.99 

-44.77 

-45.02 

.50 

.13399751E-18 

89.99 

-44.88 

-45.03 

1.00 

.94831437E-19 

89.99 

-44.89 

-44.98 

2.00 

,67197732E-19 

89.99 

-45.59 

-45 .64 

5.00 

.39553107E-19 

89.99 

-45.22 

-45.22 

10.00 

.26867466E-19 

89.99 

-37.44 

-37,40 

20,00 

.21023199E-19 

89.99 

-26.38 

-26.26 

50,00 

.18095173E-19 

89.99 

-16.69 

-16.40 

100.00 

.16856014E-19 

89.99 

-13.90 

-13.65 

200.00 

.15875648E-19 

89,99 

-13.56 

-13.06 

500.00 

.1 5469762E-19 

89.99 

-29.68 

-21.08 

1000.00 

.  1  3082868E-19 

89.99 

-50.20 

-37.50 

2000.00 

.89908952E-20 

89.99 

-66.77 

-54.44 

5000.00 

.44267501E-20 

89,99 

-79.75 

-70.91 

10000.00 

.23756671E-20 

89.99 

-84.71 

-78.69 

A74 


HOR.  MAGN. 

01  POLE 

THE  TOTAL 

H-FIELO  ON  THE  SURFACE  OF  THE 

EARTH 

R=  .20 

THETA=  .OEGREE 

T 

ABS.FLO. 

ANGLE 

PHASX 

PHASY 

SEC 

strength 

OEGREE 

OEGREE 

OEGREE 

.  10 

.16603492E-14 

.00 

-.26 

90.00 

.20 

.16571296E-14 

.00 

-.37 

90.00 

.50 

.16507604E~14 

.00 

-.59 

90.00 

1.00 

.16436119E-14 

.00 

-.83 

90.00 

2.00 

.16331222E-14 

.00 

-1.15 

90.00 

5.00 

.16172727E-14 

.00 

-1.69 

90.00 

10.00 

.1 6073824E-14 

.00 

-2.59 

90.00 

20,00 

.15893819E-14 

.00 

-4.56 

90.00 

50.00 

.15079392E-14 

.00 

-9.41 

90.00 

100.00 

.1 3626466E-14 

.00 

-13.73 

90.00 

200.00 

. 1 1678290E-14 

.00 

-15.79 

90.00 

500.00 

,95857120E-15 

.00 

-12.72 

90.00 

1000.00 

.88037895E-15 

.00 

-8.24 

90.00 

2000.00 

.84968969E-15 

.00 

-4.70 

90.00 

5000.00 

.8  3698455E-15 

.00 

-2.02 

90.00 

10000,00 

.83485017E-15 

.00 

-1 . 02 

90.00 

R=  .20 

THETA=  30. degree 

T 

ABS.FLO. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

OEGREE 

degree 

.10 

.17168247E-14 

3.11 

-.27 

-.48 

.20 

.17134011E-14 

3.11 

-.38 

-.68 

.50 

.17066289E-14 

3.10 

-.60 

-1.06 

1.00 

.16990291E-14 

3.09 

-.85 

-1.49 

2.00 

.16878823E-14 

3.07 

-1.18 

-2.05 

5.00 

.16710411E-14 

3.05 

-1.73 

-3.00 

10.00 

.16603971E-14 

3.03 

-2.65 

-4.61 

20.00 

.16407633E-14 

2.97 

-4.65 

-7.82 

50.00 

.15535367E-14 

2.80 

-9.54 

-13.79 

100.00 

.14014865E-14 

2.64 

-13.79 

-16.11 

200.00 

.12008238E-14 

2.62 

-15.74 

-13.92 

500.00 

.98800892E-15 

2 . 84 

-12.56 

-7.26 

1000,00 

.90913058E-15 

3.00 

-8.13 

-4.60 

2000.00 

.87796004E-15 

3.05 

-4.62 

-2.05 

5000.00 

.86551085E-15 

3 .12 

-1.97 

-.62 

10000.00 

.86339237E-15 

3.13 

-1.00 

-.41 

R=  .20 

THETA=  60. DEGREE 

T 

ABS.FLO. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

OEGREE 

OEGREE 

degree 

.10 

.18245390E-14 

2.93 

-.28 

-.48 

.20 

,18207342E-14 

2.9  3 

-.40 

-.68 

.50 

.18132092E-14 

2.92 

-.63 

-1.06 

1.00 

. 18047660E-14 

2.91 

-.88 

-1.49 

2.00 

.17923903E-14 

2.89 

-1.23 

-2.05 

5.00 

,17736948E-14 

2.87 

-1.80 

-3.00 

10.00 

.17616468E-14 

2.85 

-2.77 

-4.61 

20.00 

.17389778E-14 

2.81 

-4.83 

-7.82 

50.00 

,16409350E-14 

2.65 

-9.76 

-13.79 

100.00 

,14761036E-14 

2.51 

-13.91 

-16.11 

200.00 

.12642328E-14 

2.49 

-15.65 

-13.92 

500.00 

.10443979E-14 

2.69 

-12.27 

-7.26 

1000.00 

,96406489E-15 

2.83 

-7.93 

-4.60 

2000.00 

.93193156E-15 

2.88 

-4.47 

-2.05 

5000.00 

.91991353E-15 

2.94 

-1.89 

-.62 

10000.00 

.91781781E-15 

2.94 

-.96 

-.41 

A75 


A75 


IIOR.  MAGIM. 

n I  pole 

the  total 

H-FIELD  ON  THE  SURFACE  OF  THE 

EARTH 

R=  .20 

THETA=  90.0EGREE 

T 

ABS.FLD. 

angle 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

degree 

.  1  0 

.18760785E-14 

.00 

-.29 

-.48 

.20 

.18720947E-14 

.00 

-.41 

-.68 

.50 

.1 8642160E-14 

.  00 

-.64 

-1.06 

1.00 

.18553764E-14 

.00 

-.90 

-1.49 

2.00 

.18424228E-14 

.00 

-1.25 

-2.05 

5.00 

.18228552E-14 

.00 

-1.83 

-3.00 

10.00 

, 18101494E-14 

.00 

-2.82 

-4.61 

20.00 

.17860608E-14 

.00 

-4.92 

-7.82 

50.00 

.16829330E-14 

.00 

-9.87 

-13.79 

100.00 

.15120321E-14 

.00 

-13.96 

-16.1 1 

200.00 

.12947736E-14 

,00 

-15.61 

-13.92 

500.00 

. 1 0714802E-14 

.00 

-12.14 

-7.26 

1000.00 

.99039006E-15 

.00 

-7,83 

-4,60 

2000 .00 

.95777752E-15 

.00 

-4.40 

-2.05 

5000.00 

.94594231E-15 

.00 

-1.86 

-.62 

10000.00 

,94385442E-15 

.00 

-.95 

-.41 

R=  3.00 

THETA=  .DEGREE 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.  1  0 

.10739936E-15 

.00 

-.06 

90.00 

.20 

.10735048E-15 

.00 

-.08 

90.00 

.50 

.10725355E-15 

.00 

-.14 

90.00 

1.00 

.10714446E-15 

.00 

-.20 

90.00 

2.00 

.10698311E-15 

,00 

-.28 

90.00 

5,00 

.10673736E-15 

.00 

-.42 

90.00 

10,00 

.10661748E-15 

.00 

-.64 

90.00 

20.00 

.10652397E-15 

.00 

-1.13 

90.00 

50.00 

.10652544E-15 

,00 

-2.61 

90.00 

100.00 

.10715061E-15 

.00 

-5.56 

90.00 

200.00 

.10378518E-15 

.00 

-13.24 

90.00 

500.00 

.78146301E-16 

.00 

-22.89 

90.00 

1000,00 

.60167069E-16 

.00 

-18.35 

90.00 

2000.00 

.53990673E-16 

.00 

-9.54 

90.00 

5000.00 

.53303385E-16 

.00 

-3.19 

90.00 

10000.00 

.53533171E-16 

.00 

-1.40 

90.00 

R=  3.00 

THETA=  30. DEGREE 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

degree 

.10 

.98233910E-16 

48 .76 

-.07 

-.05 

.20 

.98191581E-16 

48.77 

-.10 

-.07 

.50 

.98107645E-16 

48.78 

-.15 

-.11 

1.00 

.98013187E-16 

48.78 

-.22 

-.16 

2.00 

.97873446E-16 

48.80 

-.31 

-.22 

5.00 

.97660648E-16 

48.82 

-.47 

-.34 

10.00 

.97556878E-16 

48.83 

-.72 

-.52 

20.00 

.97475994E-16 

48.84 

-1.27 

-.91 

50.00 

.97473834E-16 

48.83 

-2,94 

-2.11 

100.00 

.98019053E-16 

48,76 

-6.31 

-4.43 

200,00 

.95299231E-16 

49,29 

-15.07 

-10.51 

500,00 

.73441187E-16 

52.68 

-25,38 

-19.59 

1000.00 

.57176190E-16 

54.31 

-18.21 

-18.53 

2000.00 

.50613490E-16 

52.37 

-7.37 

-12.44 

5000,00 

.49109218E-16 

49.85 

-1.53 

-5.61 

10000.00 

.49082476E-16 

49,  13 

-.43 

-2.86 

A  y  6 


NOR.  MaGN. 
THE  TOTAL 

DIPOLE 

H-riELD  ON  THE  SURFACE  OF  THE 

LARTII 

R=  3.00 

T 

THETA:^  60.  degree 
abs.fLd. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.76634126E-16 

74.44 

.01 

-.05 

.20 

.76658375E-16 

74.44 

.01 

-.07 

.50 

.76607307E-16 

74.42 

.02 

-.11 

1 .00 

.76549828E-16 

74,41 

.03 

-.16 

2.00 

.76464782E-16 

74.39 

.05 

-.22 

5.00 

.76335267E-16 

74.3  5 

.07 

-.34 

10.00 

.76272227E-16 

74.34 

.11 

-.52 

20.00 

.76223275E-16 

74.32 

.19 

-.91 

50.00 

.76210863E-16 

74.32 

.46 

-2.11 

100.00 

.76555138E-16 

74.34 

1.44 

-4.43 

200.00 

.75518884E-16 

73.05 

2.42 

-10.51 

500.00 

.62985199E-16 

68.01 

-8.61 

-19.59 

1000.00 

.50667531E-16 

66.42 

-19.05 

-18.53 

2000.00 

.43071931E-16 

68.54 

-22.42 

-12.44 

5000.00 

.39403616E-16 

72.30 

-16.45 

-5.61 

10000.00 

,38673871E-16 

73.69 

-10.08 

-2,86 

R=  3.00 

T 

theta=  90. degree 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.63211809E-16 

.00 

-.03 

-.05 

.20 

.63197833E-16 

.00 

-.04 

-.07 

.50 

.63170120E-16 

.00 

-.06 

-.11 

1.00 

,63138904E-16 

.00 

-.09 

-.16 

2.00 

,63092695E-16 

,00 

-.13 

-.22 

5.00 

.63022288E-16 

.00 

-.20 

-.34 

10.00 

.62988140E-16 

.00 

-.31 

-.52 

20.00 

.62961874E-16 

.00 

-.55 

-.91 

50.00 

.62940999E-16 

.00 

-1.26 

-2.11 

100.00 

.63144006E-16 

.00 

-2.51 

-4.43 

200.00 

.63353620E-16 

.00 

-6.05 

-10.51 

500.00 

.57042953E-16 

.00 

-15.08 

-19.59 

1000.00 

,47076960E-16 

.00 

-18.75 

-18.53 

2000.00 

.38754668E-16 

.00 

-16.48 

-12.44 

5000.00 

.33512830E-16 

.00 

-9.46 

-5.61 

10000,00 

.32232863E-16 

.00 

-5.29 

-2.86 

R=  5.00 

T 

THETA=  .degree 

ABS.FLD. 

angle 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.28430906E-16 

.00 

-.02 

90.00 

.20 

.28425806E-16 

.00 

-.03 

90.00 

.50 

.28415682E-16 

.00 

-.05 

90.00 

1.00 

.28404275E-16 

.00 

-.07 

90.00 

2.00 

.28387410E-16 

,00 

-.11 

90.00 

5.00 

.28361691E-16 

.00 

-.16 

90.00 

10.00 

.28348632E-16 

.00 

-.25 

90.00 

20.00 

,28337599E-16 

.00 

- ,  44 

90.00 

50.00 

.28322130E-16 

.00 

-1.00 

90.00 

100.00 

.28368925E-16 

.00 

-1.82 

90.00 

200,00 

.29009938E-16 

.00 

-4.08 

90.00 

500.00 

.27565071E-16 

.00 

-16.63 

90.00 

1000.00 

.21293521E-16 

.00 

-23.89 

90.00 

2000.00 

.16182244E-16 

.00 

-19.34 

90.00 

5000.00 

. 142231C0E-16 

.00 

-8.07 

90.00 

10000.00 

.14117490E-16 

.00 

-3.60 

90.00 

A77 


HOR.  MAGN. 

OIROLE 

THE  total 

h-field  on  the  surface  of  the 

EARTfl 

R=  5.00 

THETA=  30. degree 

T 

abs.fld. 

angle 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.25750895E-16 

47.02 

-.02 

-.02 

.20 

.25746485E-16 

47.03 

-.03 

-.02 

.50 

.25737729E'-16 

47.03 

-.06 

-.04 

1.00 

.25727866E-^16 

47.03 

-.08 

-^*06 

2.00 

.25713280E-16 

47,04 

-.12 

-.09 

5.00 

.25691039E-16 

47.04 

-.18 

-.13 

10.00 

.25679776E-16 

47.05 

-.28 

-.20 

20.00 

.25670322E-16 

47.05 

-.49 

-.36 

50.00 

.25657112E*‘16 

47.06 

“'I  .  11 

^*83 

100.00 

.25696420E-16 

47.03 

-2.01 

-1.51 

200.00 

.26244971E-16 

46.79 

-4.57 

-3.29 

500.00 

.25082135E-16 

47.69 

-18.65 

-13.45 

1000.00 

.19705184E-16 

50.46 

-26.16 

-20.65 

2000.00 

.1 5116138E-16 

52.01 

-19.32 

-19.36 

5000.00 

.13085843E-16 

49.60 

-6.21 

-10.80 

10000.00 

.12865548E-16 

48.05 

-2.19 

-5.80 

R=  5.00 

THETA=  60. degree 

T 

ABS.FLD. 

angle 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.19305262E-16 

77.42 

.01 

-.02 

.20 

.1 9302634E-16 

77.41 

.01 

-.02 

.50 

.19297419E-16 

77.41 

.02 

-.04 

1.00 

.19291545E-16 

77.40 

.03 

-.06 

2.00 

.19282853E-16 

77.39 

.04 

-.09 

5.00 

.19269604E-16 

77.38 

.  06 

-.13 

10.00 

,19262998E-16 

77.37 

.09 

-.20 

20.00 

.19257657E-16 

77.37 

.16 

-.36 

50.00 

.19250352E-16 

77.35 

.  35 

-.83 

100,00 

.19269830E-16 

77.39 

.57 

-1.51 

200.00 

.19576584E-16 

77.76 

2.27 

-3,29 

500.00 

.19174840E-16 

75.33 

4,88 

-13.45 

1000.00 

.16064086E-16 

71.09 

-7.26 

-20.65 

2000.00 

.1 2718599E-16 

69.50 

-19.45 

-19.36 

5000.00 

.10446273E-16 

72.56 

-23.32 

-10.80 

10000,00 

.98974660E-17 

75.21 

-18.16 

-5.80 

R=  5.00 

THETA=  90. DEGREE 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.1 5082620E-16 

.00 

-.01 

-.02 

.20 

.1 5081338E-16 

.00 

-.01 

-.02 

.50 

.1 5078800E-16 

.00 

-.02 

-.04 

1.00 

.1 5075940E-16 

.00 

-.03 

-.06 

2.00 

.15071701E-16 

.00 

-.05 

-.09 

5.00 

.1 5065248E-16 

.00 

-.07 

-.13 

10,00 

.1 5062177E-16 

.00 

-.12 

-.20 

20,00 

.1 5059990E-16 

.00 

-.21 

-.36 

50.00 

.15057235E-16 

.00 

-.49 

-.83 

100.00 

.1 5061091E-16 

.00 

-.92 

-1.51 

200.00 

.1 5181063E-16 

.00 

-1.77 

-3.29 

500,00 

.15393339E-16 

.00 

-7.76 

-13.45 

1000.00 

,13890110E-16 

.00 

-15.67 

-20.65 

2000.00 

.1 1331167E-16 

.00 

-19.40 

-19.36 

5000.00 

.88355698E-17 

.00 

-15.21 

-10.80 

10000.00 

.80111539E-17 

.00 

-9.67 

-5.80 
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HOR.  ELEC. 

n I  POLE 

THE  TOTAL 

E-FIELD  ON  THE  SURFACE  OF  THE 

EARTH 

R=  .20 

theta=  .degree 

T 

abs.fld. 

angle 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

degree 

degree 

.10 

.10519036E-18 

.00 

-.79 

90.00 

.20 

.26147492E-19 

.  0  0 

-1.13 

90.00 

.50 

.41363776E-20 

.00 

-1.79 

90.00 

1.00 

.10209607E-20 

.00 

-2.56 

90.00 

2.00 

.25045230E-21 

.00 

-3.63 

90.00 

5.00 

.38941119E-22 

.00 

-5.48 

90.00 

10.00 

.96148751E-23 

.00 

-8.50 

90.00 

20.00 

.23896404E-23 

.00 

-15.14 

90.00 

50.00 

.38491292E-24 

.00 

-34.34 

90.00 

100.00 

.10198621E-24 

.00 

-59.86 

90.00 

200.00 

.30230378E-25 

.00 

89.06 

90.00 

500.00 

.67189915E-26 

.00 

54.25 

90.00 

1000.00 

.20822096E-26 

.00 

36.42 

90.00 

2000.00 

.60923654E-27 

.00 

23.81 

90.00 

5000.00 

.10915145E-27 

.00 

13.41 

90.00 

10000.00 

.28864453E-28 

.00 

9.49 

90.00 

R=  .20 

THETA=  30. DEGREE 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.10572226E-18 

.49 

-.79 

.00 

.20 

.26280462E-19 

.49 

-1.12 

.00 

.50 

.41576482E-20 

.50 

-1.79 

.00 

1.00 

.10262761E-20 

.51 

-2.55 

.00 

2.00 

.25178004E-21 

.52 

-3.61 

.00 

5.00 

.39153070E“22 

.53 

-5.45 

.00 

10.00 

.96675307E-23 

.54 

-8.45 

.00 

20.00 

.24024931E-23 

.54 

-15.06 

.00 

50.00 

.38667597E-24 

.54 

-34. 16 

.00 

100.00 

.10225641E-24 

.51 

-59.60 

.00 

200.00 

.30229382E-25 

.43 

89.31 

.00 

500.00 

.67067761E-26 

.31 

54.40 

.00 

1000.00 

.20779834E-26 

.25 

36.50 

.00 

2000.00 

.60803346E-27 

.21 

23.86 

.00 

5000.00 

.10894665E-27 

.  19 

13.44 

.00 

10000.00 

.28812524E-28 

.  18 

9.51 

.00 

R=  .20 

THETA=  60. DEGREE 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

degree 

.10 

.10677821E-18 

.49 

-.78 

.00 

.20 

.26544425E-19 

.49 

-1.1], 

.00 

.50 

.41998701E-20 

.49 

-1.77 

.00 

1.00 

.10368262E-20 

.50 

-2.52 

iOO 

2.00 

.25441497E-21 

.51 

“3.57 

.00 

5.00 

.39573597E-22 

.52 

-5.39 

.00 

10.00 

.97719997E-23 

.53 

“8.36 

.00 

20.00 

.24279968E“23 

.53 

-14.90 

.00 

50.00 

.39017842E-24 

.53 

-33.81 

.00 

100.00 

.10279474E-24 

.50 

-59.09 

.00 

200.00 

.30227388E-25 

.43 

89.81 

.00 

500.00 

.66822766E-26 

.31 

54.69 

*00 

1000.00 

.20695042E-26 

.  25 

36.68 

.00 

2000.00 

.60561993E-27 

.21 

23.96 

.00 

5000.00 

.10853583E-27 

.19 

13.49 

.00 

10000.00 

.28708370E-28 

.18 

9.54 

.00 

M9 

HOR.  ELEC.  DIPOLL 

The  total  e-field  on  the  surface  of  thf  earth 

R=  .20  THFTA=  90. DEGREE 


T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

degree 

.10 

.10730230E-18 

.00 

-.78 

.00 

.20 

.26675428E-19 

.00 

-1.10 

.00 

.50 

.42208226E-20 

..00 

-1.76 

.00 

1.00 

.10420613E-20 

.00 

-2.51 

.00 

2.00 

.25572225E“21 

.00 

-3.55 

.00 

5.00 

.39782197E-22 

.00 

-5.36 

.00 

10.00 

.98238177E-23 

.00 

-8.32 

.00 

20.00 

.24406487E-23 

.00 

-14.82 

.00 

50.00 

.39191795E-24 

.00 

-33.64 

.00 

100.00 

.10306285E-24 

.00 

-58.84 

.00 

200.00 

. 30226390E-25 

.00 

-89.93 

.00 

500.00 

.66699931E-26 

.00 

54. 84 

.00 

1000.00 

.20652517E-26 

.00 

36.76 

.00 

2000.00 

.60440957E-27 

.00 

2  4.0], 

.00 

5000.00 

.10832984E-27 

.00 

13.52 

.00 

10000.00 

.28656153E-28 

.00 

9.56 

.00 

=  3.00 

THETA=  .DEGREE 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

degree 

degree 

.10 

. 16641300E-19 

.00 

-.17 

90.00 

.20 

.41552257E-20 

.00 

-.24 

90.00 

.50 

.66322061E-21 

.00 

-.38 

90.00 

1 .00 

.16535083E-21 

.00 

-.54 

90.00 

2.00 

.41170014E-22 

.00 

-.77 

90.00 

5.00 

.65465900E-23 

.00 

-1.15 

90.00 

10.00 

.16321006E-23 

.00 

-1.78 

90.00 

20.00 

.40749094E-24 

.00 

-3.16 

90.00 

50.00 

.65416111E-25 

.00 

-7.27 

90.00 

100.00 

.1 6849856E-25 

.00 

-13.54 

90.00 

200.00 

.48704637E-26 

.00 

-26.48 

90.00 

500.00 

.12079730E-26 

.00 

-64.63 

90.00 

1000.00 

.44340330E-27 

.00 

81.57 

90.00 

2000.00 

.1 5283588E-27 

.00 

54.97 

90.00 

5000.00 

.32593614E-28 

.00 

31.84 

90.00 

10000.00 

.93306806E-29 

.00 

20.94 

90.00 

=  3.00 

THETA=  30. DEGREE 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

degree 

.10 

.30047310E-19 

31.33 

-.11 

.00 

.20 

.75074672E-20 

31.35 

-.15 

.00 

.50 

.1 1998126E-20 

31.39 

-.24 

.00 

1.00 

.29956437E-21 

31 .44 

-.35 

.00 

2.00 

.74747509E-22 

31.51 

-.49 

.00 

5.00 

.1  1924771E-22 

31.61 

-.74 

.00 

10.00 

.29771830E-23 

31.66 

-1.14 

.00 

20.00 

.74371286E-24 

31.68 

-2.03 

.00 

50.00 

.1 1905002E-24 

31.67 

-4.68 

.00 

100.00 

.30085504E-25 

31.29 

-8.82 

.00 

200.00 

.79836373E-26 

29.29 

-18.17 

.00 

500.00 

.15341566E-26 

24.04 

-51.17 

.00 

1000.00 

.46630689E-27 

19.58 

-86.70 

.00 

2000.00 

.14641342E-27 

15.47 

62.49 

.00 

5000.00 

.30242362E-28 

11.92 

35.53 

.00 

10000.00 

.86367399E-29 

10.42 

23.12 

.00 
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HOR»  ELEC« 

DIPOLE 

THE  TOTAL 

E-FIELD  on  THE  SURFACE  OF  THE 

EARTH 

R=  3.00 

THETA=  60. degree 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

strength 

DEGREE 

DEGREE 

DEGREE 

.10 

.46418297E‘-19 

19.67 

-.06 

.00 

.20 

.1 1599761E-19 

19.68 

-.09 

.00 

.50 

.18544354E-26 

19.69 

-.14 

.00 

1.00 

.46317898E-21 

19.71 

-.20 

.00 

2.00 

.1 1563579E-21 

19.74 

-.29 

.00 

5.00 

.18463072E-^22 

19*78 

-.43 

*00 

10.00 

.46112218E-23 

19.80 

-.67 

.00 

20.00 

.1 1520543E-23 

19.82 

-1.18 

.00 

50.00 

.18428297E-24 

19.82 

-2.73 

.00 

100.00 

.46341975E-25 

19.70 

-5.18 

.00 

200.00 

.1 1990522E-25 

19.01 

-11.04 

.00 

500.00 

,20353170E-26 

17.88 

-34.30 

.00 

1000.00 

,50903l82E-27 

17.87 

-64.87 

.00 

2000.00 

.13263878E-27 

17.13 

80.90 

.00 

5000.00 

.24881989E-28 

14.54 

45.56 

.00 

10000.00 

.70467425E-29 

12.81 

29.04 

.00 

R=  3.00 

THETA=  90. DEGREE 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.52731083E-19 

.00 

-.05 

.00 

.20 

.13177657E-19 

.00 

-.07 

.00 

.50 

.21068035E-20 

.00 

-.12 

.00 

1.00 

.52624402E-21 

.00 

-.17 

.00 

2.00 

.13139203E-21 

.00 

-.24 

.00 

5.00 

.20981600E-22 

.00 

-.36 

.00 

10.00 

.52405385E-23 

.00 

-.55 

.00 

20.00 

.13093089E-23 

.00 

-.98 

.00 

50.00 

.20941317E-24 

.00 

-2.26 

.00 

100.00 

.52619384E-25 

.00 

-4.30 

.00 

200.00 

.13556907E-25 

.00 

-9.21 

.00 

500.00 

.22443161E-26 

.00 

-29.10 

.00 

1000.00 

.52910211E-27 

.00 

-55.99 

.00 

2000.00 

.12518436E~27 

.00 

-88.85 

.00 

5000.00 

.21711054E-28 

.00 

52.38 

.00 

10000.00 

.60982150E-29 

.00 

33.15 

.00 

R=  5.00 

THETA=  .DEGREE 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

degree 

.10 

.70523036E-20 

.00 

-.09 

90.00 

.20 

.17618512E-20 

.00 

-.13 

90.00 

.50 

.28151023E-21 

.00 

-.21 

90.00 

1.00 

.70268850E-22 

.00 

-.30 

90.00 

2.00 

.17527016E-22 

.  00 

-.43 

90.00 

5.00 

.27945659E-23 

.00 

-.65 

90.00 

10.00 

.69752523E-24 

.00 

-1.00 

90.00 

20.00 

.17422719E-24 

.00 

-1.77 

90.00 

50.00 

.27894211E-25 

.00 

-4.12 

90.00 

100.00 

.70272725E-26 

.00 

-7.82 

90.00 

200.00 

.18512194E-26 

.00 

-13.75 

90.00 

500.00 

.44861580E-27 

.00 

-34.90 

90.00 

1000.00 

.18381820E-27 

.00 

-69.24 

90.00 

2000.00 

.71385981E-28 

.00 

77.10 

90.00 

5000.00 

.17243151E-28 

.00 

45.56 

90.00 

10000.00 

.52599601E-29 

.00 

30.30 

90.00 

A81 


I  IOR.  CLEC.  n  I  POLL 


1  1  • 

THF  TOTAL 

E-FI  eld  on  the  surface  OF  THE 

earth 

R=  5.00 

THFTA=  30. DEGREE 

T 

ABS.ELD. 

ANGLE 

PI-IASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.19011824E-19 

41.26 

^.04 

.00 

.20 

.47520344E^20 

41 .27 

-.06 

.00 

.50 

.76003495E-21 

41.29 

-.10 

.00 

1.00 

.18992689E-21 

41.31 

-.15 

.00 

2.00 

.47451441E-22 

41.34 

^.21 

*00 

5.00 

.75848703E-23 

41.39 

-.31 

.00 

10.00 

.18953569E-23 

41.41 

-.49 

.00 

20.00 

.47370181E-24 

41.43 

-.87 

.00 

50.00 

.75783159E-25 

41.43 

“2*02 

*00 

100.00 

.18968058E-25 

41.37 

-3.85 

*00 

200.00 

.47995909E-26 

40.77 

-6.95 

.00 

500.00 

.86585558E-27 

35.39 

-21.32 

.00 

1000 .00 

.25334155E-27 

29.66 

-51.33 

.00 

2000.00 

.76351335E-28 

24.23 

-88.21 

.00 

5000.00 

.16154232E-28 

18.08 

53.30 

.00 

10000.00 

.48154565E-29 

15.09 

34.81 

*00 

R=  5.00 

THETA=  60. DEGREE 

T 

ABS.ELD. 

ANGLE 

phasx 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

degree 

.10 

.31382781E-19 

23.54 

-.02 

.00 

.20 

.78445707E-20 

23.55 

-.03 

.00 

.50 

.12547764E-20 

23.55 

-.05 

.00 

1.00 

.31359417E-21 

23.56 

-.07 

.00 

2.00 

.78361526E-22 

23.57 

-.10 

.00 

5.00 

.12528832E-22 

23.59 

-.15 

.00 

10.00 

.31311429E-23 

23.60 

-.24 

.00 

20.00 

.78260483E-24 

23.61 

-.43 

.00 

50,00 

.12519222E-24 

23.61 

-1.00 

.00 

100.00 

.31314488E-25 

23.60 

-1.91 

*00 

200.00 

.78901346E-26 

23.40 

-3.48 

.00 

500,00 

.13588988E-26 

21.65 

-11.72 

.00 

1000.00 

.35350758E-27 

20.77 

-31.33 

.00 

2000.00 

.85420504E-28 

21.52 

-61.13 

.00 

5000.00 

.13719508E-28 

21.44 

74.63 

.00 

10000.00 

.37724644E-29 

19.41 

48.24 

.00 

R=  5.00 

theta=  90. degree 

T 

ABS.ELD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

degree 

.  10 

.36008243E-19 

.00 

-.01 

.00 

.20 

.90008342E-20 

.00 

-.02 

.00 

.50 

.14397464E-20 

.00 

-.04 

.00 

1.00 

.35982751E-21 

.00 

-.06 

.00 

2.00 

.89916481E-22 

.00 

-.08 

.00 

5.00 

.14376797E-22 

.00 

-.12 

.00 

10.00 

.35930342E-23 

.00 

-.19 

.00 

20.00 

.89805836E-24 

.00 

-.34 

.00 

50.00 

.14365967E-24 

.00 

-.80 

.00 

100.00 

.35930517E-25 

.00 

-1.52 

.00 

200.00 

.90478341E-26 

.00 

-2.78 

.00 

500.00 

.15475970E-26 

.00 

-9.54 

.00 

1000.00 

.39415788E-27 

.00 

-25.85 

.00 

2000.00 

.89611555E-28 

.00 

-50.94 

.00 

5000 . 0  J 

.12323056E-28 

.00 

87.72 

.00 

10000.00 

.3 1229670E-29 

.00 

58.20 

.00 
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HOR.  CLEC.  DIPOLE 

THE  TOTAL  H-PILLD  0,M  THE  SURFACE  OF  THE  EARTH 
R=  .20  THETA=  .DEGREE 


T 

AES. FED. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.10471918E-18 

90.00 

90.00 

89.89 

.20 

.52321018E-19 

90.00 

90.00 

89.85 

.50 

.20897836E-19 

90.00 

90.00 

89.77 

1.00 

.10431720E-19 

90.00 

90.00 

89.68 

2.00 

.52032093E-20 

90.00 

90.00 

89.56 

5.00 

,20735927E-20 

90,00 

90.00 

89.36 

10.00 

.1 0343866E-20 

90.00 

90.00 

89.02 

20.00 

.5  1505732E-21 

90.00 

90.00 

88.29 

50.00 

.20218390E--21 

90.00 

90.00 

86.46 

100.00 

.97448361E-22 

90.00 

90.00 

84.74 

200.00 

.45974520E-22 

90.00 

90.00 

83.68 

500.00 

.16959548E-22 

90.00 

90.00 

84.36 

1000.00 

.81203171E-23 

90.00 

90.00 

85.85 

2000.00 

.39658261E-23 

90.00 

90.00 

87.42 

5000.00 

.15685850E-23 

90.00 

90.00 

88.75 

10000.00 

.  .78147221E-24 

90.00 

90.00 

89.27 

=  .20 

THETA=  30. DEGREE 

T 

ABS.FLD. 

angle 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.10472460E-18 

89.99 

-45.77 

89.90 

.20 

.52324840E-19 

89.98 

-45.89 

89.86 

.50 

.20900244E-19 

89.98 

-46.21 

89.78 

1.00 

.10433417E-19 

89.97 

—46 .56 

89.69 

2.00 

.52044196E-20 

89.96 

-47.79 

89.57 

5.00 

.20742961E-20 

89.95 

-48.11 

89.38 

10.00 

.10348182E-20 

89.93 

-42.22 

89.05 

20.00 

.51535775E-21 

89.90 

-37.43 

88.34 

5  0.00 

.20243492E-21 

89.81 

-43.77 

86.55 

100.00 

.97660345E-22 

89.72 

-55.49 

84.84 

200.00 

.46123973E-22 

89.63 

-67.77 

83.78 

500.00 

.17029363E-22 

89.57 

-78.52 

84.43 

1000.00 

.8 1611048E-23 

89.49 

-82.11 

85.91 

2000.00 

.39861250E-23 

89.49 

86.91 

87.42 

5000.00 

.15756046E-23 

89.56 

-89.26 

88.76 

10000.00 

.78523398E-24 

89.52 

-85.54 

89.30 

o 

(M 

. 

II 

THETA=  60. DEGREE 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.10473544E-18 

89.99 

-45.77 

89.90 

.20 

.52332487E-19 

89.98 

-45.89 

89.86 

.50 

.20905059E-19 

89.98 

-46.21 

89.79 

1.00 

.10436813E-19 

89.97 

-46 . 56 

89.71 

2.00 

,52068398E-20 

89.96 

-47.79 

89.60 

5.00 

.20757024E-20 

89.95 

-48.11 

89.41 

10.00 

.10356809E-20 

89.93 

-42.22 

89.10 

20.00 

,51595818E-21 

89.90 

-37.43 

88.43 

50.00 

.20293605E-21 

89.81 

-43.77 

86.71 

100.00 

.98082951E-22 

89.72 

-55.49 

85.04 

200.00 

.46421445E-22 

89.63 

-67.77 

83.98 

500 ,00 

.17168142E-22 

89.58 

-78.52 

84.58 

1000.00 

.82420765E-23 

89.50 

-82.11 

86.03 

2000.00 

.40264162E-23 

89.50 

86.91 

87.41 

5000.00 

.1 5895508E-23 

89.56 

-89.26 

88.78 

10000.00 

.79270394E-24 

8  9.53 

-85.54 

89.35 

A03 


HOR.  ELEC.  DIPOLE 
THE  TOTAL  II-FIELD  ON  TTIE  SURFACE  OF  THE  EARTH 
R=  .20  THETA=  90. degree 


T 

abs.fld. 

angle 

PHASX 

PHASY 

SEC 

strength 

DEGREE 

degree 

degree 

.10 

.10474088E-18 

89,99 

-45.77 

89.91 

.20 

.52336316E-19 

89.99 

-45.89 

89.87 

.50 

.20907469E-19 

89.99 

-46.21 

89.80 

1.00 

.10438509E-19 

89.99 

-46.56 

89,72 

2.00 

.52080499E-20 

89.99 

-47.79 

89.61 

5.00 

.20764054E-20 

89.99 

-48.11 

89.43 

10.00 

.1036ll22E-'20 

89.99 

-42.22 

89.13 

20.00 

.51625818E-21 

89.99 

-37.43 

88.48 

50.00 

.20318616E-21 

89.99 

-43.77 

86.80 

100.00 

.98293575E-22 

89.99 

-55.49 

85,14 

200.00 

.46569.472E-22 

89.99 

-67.77 

84.08 

500.00 

.17237111E-22 

89.99 

-78.52 

84,65 

1000.00 

.82822661E-23 

89.99 

-82.11 

86.09 

2000.00 

.40464117E-23 

89.99 

86.91 

87.41 

5000.00 

.1 5964784E-23 

89.99 

-89.26 

88.79 

10000.00 

.79641278E-24 

89.99 

-85.54 

89.37 

=  3.00 

theta=  .degree 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

.35121789E-20 

90.00 

90.00 

89.89 

.20 

.17547954E-20 

90.00 

90.00 

89.85 

.50 

,70089283E-21 

90.00 

90.00 

89.77 

1.00 

.34986944E-21 

90.00 

90.00 

89.67 

2.00 

.17450859E-21 

90.00 

90.00 

89.54 

5.00 

,69544316E-22 

90.00 

90.00 

89.32 

10.00 

.34707228E-22 

90.00 

90.00 

88.96 

20.00 

•17323888E-22 

90.00 

90.00 

88.16 

50,00 

.68998694E-23 

90.00 

90,00 

85.76 

100 .00 

.34260251E-23 

90.00 

90.00 

81.84 

200.00 

.16727073E-23 

90.00 

90.00 

73.83 

500.00 

.56778106E-24 

90.00 

90.00 

54.04 

1000.00 

.21299562E-24 

90.00 

90.00 

34.38 

2000.00 

.72140264E-25 

90.00 

90.00 

12.08 

5000.00 

.17726057E-25 

90.00 

90.00 

-22.53 

10000.00 

.73162791E-26 

90.00 

90.00 

-48.18 

=  3.00 

THETA=  30. degree 

T 

ABS.FLD. 

angle 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

DEGREE 

.10 

,35164147E-20 

89.83 

-45.05 

89.96 

.20 

.17577937E-20 

89.76 

-45.07 

89.95 

.50 

.70279271E-21 

89.62 

-45.11 

89.92 

1.00 

.35121583E-21 

89.46 

-45.10 

89.89 

2.00 

.17547640E-21 

89.24 

-45.81 

89.85 

5.00 

.70112862E-22 

88.88 

-45.48 

89.78 

10,00 

.35040824E-22 

88.49 

-37.80 

89.66 

20.00 

.17519636E-22 

87.64 

-26.95 

89.40 

50.00 

.70196727E-23 

84.91 

-17.66 

88.63 

100.00 

.35440476E-23 

80.27 

-16.53 

87.45 

200.00 

..18504957E-23 

71.67 

-25.13 

84.72 

500.00 

.78960144E-24 

57.70 

-49.30 

74.83 

1000.00 

.38062516E-24 

47.44 

-65.75 

65.84 

2000.00 

.17565940E-24 

37.50 

-76.72 

60.86 

5000.00 

,64572584E-25 

27.04 

-84.40 

63.41 

10000.00 

.31286216E-25 

22.42 

-87.16 

70.14 
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HOR.  ELEC 
THE  TOTAL 
R=  3.00 
T 

SEC 

.10 
.20 
.50 
1.00 
2.00 
5.00 
10.00 
20,00 
50.00 
100.00 
200.00 
500.00 
1000.00 
2000.00 
500u . 0  0 
10000.00 
R=  3.00 
T 

SEC 

.10 
.20 
.50 
1.00 
2.00 
5.00 
10.00 
20.00 
50.00 
100.00 
200.00 
500.00 
1000.00 
2000.00 
5000.00 
10000 .00 
R=  5.00 
T 

SEC 

.10 
.20 
.50 
1.00 
2.00 
5.00 
10.00 
20.00 
50.00 
100.00 
200,00 
500.00 
1000.00 
2000.00 
5000.00  .16271500E-25 

10000.00  .86616489E-26 


PHASY 

DEGREE 

“89.89 

-89.85 

-89.76 

-89.67 

-89.54 

“89.33 

“88.97 

^88*20 

“85.89 

-82.15 

“77.62 

“81.97 

“89.20 

86.54 

85.86 

86.91 


angle 

phasx 

PHASY 

DEGREE 

DEGREE 

degree 

89.99 

“45.05 

“89.82 

89.99 

“45.07 

“89.75 

89.99 

“45.11 

-89.61 

89,99 

-45.10 

“89.45 

89.99 

-45.81 

-89.24 

89.99 

“45.48 

-88.89 

89.99 

“37.80 

“88.31 

89.99 

“26.95 

“87.04 

89.99 

“17.66 

-83.29 

89.99 

“16.53 

-77.50 

89.99 

-25.13 

“70.97 

89.99 

-49.30 

“75.86 

89.99 

“65.75 

-84.11 

89.99 

-76.72 

-89.41 

89.99 

-84.40 

88.43 

89.99 

-87. 16 

88.52 

ANGLE 

PHASX 

PHASY 

DEGREE 

DEGREE 

degree 

90.00 

90.00 

89.89 

90.  00 

90.00 

89.85 

90.00 

90.00 

89.77 

90.00 

90.00 

89.67 

90.00 

90.00 

89.54 

90.00 

90.00 

89.32 

90.00 

90.00 

88.95 

90.00 

90.00 

88.15 

90.00 

90.00 

85.74 

90.00 

90.00 

81.90 

90.00 

90.00 

74.55 

90.00 

90.00 

51.68 

90.00 

90.00 

20.83 

90.00 

90.00 

-14.55 

90.00 

90.00 

“51.20 

90.00 

90.00 

“67.74 

DIPOLE 


h-field  on  the  surface  of  the 

THETA=  60. degree 

EARTH 

ABS.FLD. 

ANGLE 

PHASX 

STRENGTH 

DEGREE 

DEGREE 

.35248712E-20 

89,83 

“45.05 

.17637751E-20 

89.76 

“45.07 

.70657725E-21 

89.62 

-45.11 

.35389324E-21 

89,47 

“45.10 

.17739618E-21 

89.25 

-45.81 

.71236354E-22 

88.90 

“45.48 

.35698673E-22 

88.51 

“37.80 

.17904717E-22 

87.69 

“26.95 

.72533457E-23 

8  5,08 

-17.66 

.37690218E-23 

80.86 

“16.53 

.2 1626612E-23 

74.39 

“25.13 

.11070955E-23 

67.60 

-49.30 

.58642327E-24 

63.96 

“65.75 

.28663608E-24 

60.91 

“76.72 

.10899737E-24 

58.15 

-84.40 

.53192345E-25 

5  7,06 

-87. 16 

THETA=  90. DEGREE 


ABS.FLD, 
STRENGTH 
.35290919E-20 
.17667583E-20 
.70846191E-21 
.35522436E-21 
.17834831E-21 
,71791509E“22 
.36023092E-22 
.18094183E-22 
.73674a36E-23 
.38766164E-23 
.23029303E-23 
.12356194E-23 
.66588336E-24 
.32834774E-24 
.12544254E-24 
.61275809E-25 
THETA=  .DEGREE 
ABS.FLD. 
STRENGTH 
.83775386E-21 
.41856833E-21 
.16718278E-21 
.83453739E-22 
.41625208E-22 
.16588294E-22 
.82788798E-23 
.41328347E-23 
,16470502E“23 
.8 1938494E-24 
.40910298E-24 
.16398166E-24 
.78214797E-25 
,38044262E-25 
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1-IOR.  L'LLC. 

1.)  I  POLL 

THE  TOTAL 

H-FIELl)  ON  THE  SURFACE  OF  THE 

EARTH 

R=  5.00 

THETA=  30. DEGREE 

T 

ABS.FLD. 

angle 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

DEGREE 

degree 

.  10 

.83882051E-21 

89.82 

-44.65 

89.97 

.20 

.41932617E-21 

89.74 

-44.77 

89.95 

.50 

.16766472E-21 

89.59 

-44.88 

89.93 

1.00 

.83795972E-22 

89.43 

-44.89 

89.90 

2.00 

.41871633E-22 

89.19 

-45.59 

89.87 

5. 00 

.16733267E-22 

88.81 

-45.22 

89.81 

10.00 

.83638259E-23 

88.38 

-37.44 

89.71 

20.00 

.41823475E-23 

87.46 

-26.38 

89.48 

50.00 

.16767525E-23 

84.56 

-16.69 

88.81 

100.00 

.8  4538o55E"24 

79.93 

-13.90 

87.75 

200.00 

.43884500E-24 

70.91 

-13.56 

86.07 

500.00 

.22046026E-24 

51.00 

-29.68 

79.20 

1000.00 

.13114929E-24 

38.36 

-50.20 

64.45 

2000.00 

.69619068E-25 

27.79 

-66.77 

45.38 

5000.00 

.27837609E-25 

16.39 

-79.75 

18.47 

10000.00 

.1 3817852E-25 

10.70 

-84.71 

-4.71 

R=  5.00 

THETA=  60. DEGREE 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

degree 

degree 

o 

I — 1 

• 

.84094998E-21 

89.82 

-44 .65 

-89,88 

.20 

.42083787E-21 

89.74 

-44.77 

-89,83 

.50 

.16862449E-21 

89.60 

-44.88 

-89.73 

1.00 

.84476306E-22 

89.43 

-44.89 

-89,62 

2.00 

.42360188E-22 

89.20 

-45.59 

-89,47 

5.00 

.17019514E-22 

88.83 

-45.22 

-89.23 

10.00 

.85311824E-23 

88.41 

-37.44 

-88.82 

20.00 

.42796558E-23 

87.52 

-26.38 

-87.93 

50.00 

.17346327E-23 

84.74 

-16.69 

-85.30 

100.00 

.89510988E-24 

80.49 

-13.90 

-81.32 

200.00 

.49297505E-24 

73.08 

-13.56 

-73.66 

500.00 

.30336154E-24 

62.79 

-29.68 

-66.62 

1000.00 

.19840691E-24 

58.78 

-50.20 

-76.05 

2000.00 

.10791528E-24 

55.20 

-66.77 

-86.61 

5000.00 

.42370671E-25 

50.92 

-79.75 

86.57 

10000.00 

.20560904E-25 

48.67 

-84.71 

85.86 

R=  5.00 

THETA=  90. DEGREE 

T 

ABS.FLD. 

ANGLE 

PHASX 

PHASY 

SEC 

STRENGTH 

DEGREE 

degree 

DEGREE 

.  1  0 

.84201268E-21 

89.99 

-44.65 

-89.80 

.20 

.42159172E-21 

89.99 

-44.77 

-89.72 

.50 

.16910233E-21 

89.99 

-44.88 

-89.57 

1.00 

.84814425E-22 

89.99 

-44.89 

-89.39 

2.00 

.42602367E-22 

89.99 

-45.59 

-89.16 

5.00 

.17160849E-22 

89.99 

-45.22 

-88.76 

10.00 

.86136412E-23 

89.99 

-37.44 

-88.12 

20.00 

.43274895E-23 

89.99 

-26.38 

-86.69 

50.00 

.17628604E-23 

89.99 

-16.69 

-82.53 

100.00 

.91896601E-24 

89.99 

-13.90 

—76.40 

200.00 

.51792293E-24 

89.99 

-13.56 

-65.69 

500.00 

.33725506E-24 

89.99 

-29.68 

-58.41 

1000.00 

.22460607E-24 

89.99 

-50.20 

-69.43 

2000.00 

.12265870E-24 

89.99 

-66.77 

-80.96 

5000.00 

.48015047E-25 

89.99 

-79.75 

-89.07 

10000.00 

.23209043E-25 

89.99 

-84.71 

89.03 

APPENDIX  XII 


Apparent  resistivity  computed  from  dipole  fields. 

E/H  (mks)  in  ohms 

E/H  (practical)  in  millivolt/km-Y 

Apparent  resistivity  in  ohm-m. 

See  front  page  of  Appendix  IX  for  meaning  of  othe 


symbols . 
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(  K  (  PUT  )  »  IK  RHO)  )  V.M.  f). 

R  =  .20E-00  Sl=  .2000E-00  S2=  .2000E-02  0=  .40E+04  E=  .lOE+06 


T 11814=  .00 


T 

E/H(MKS) 

E/H( PRAC ) 

APP.RE5I5TIVITY 

.  1  0 

. 19872198E-01 

. 15813792E+02 

. 50015204E+01 

.20 

. 14051750E-01 

.  1  1182027E  +  02 

.50015092E+01 

.50 

. 88865453E-02 

. 70716878E+01 

.50008768E+01 

1.00 

.62898435E-02 

. 50052983E+01 

.  50106022E  +  01 

2.00 

.44568997E-02 

. 35466880E+01 

. 50315984E+01 

5.00 

.26288287E-02 

.20919553E+01 

.43762770E+01 

10.00 

. 18146804E-02 

.14440767E+01 

.41707150E+01 

20.00 

. 14591646E-02 

. 1 1611663E+01 

.53932288E+01 

50.00 

. 12547658E-02 

.99851087E-00 

.99702396E+01 

100.00 

.  10876604E-02 

.86553262E-00 

. 14982934E+02 

200.00 

.  84369735E-‘03 

.67139300E-00 

.  18030742E  +  02 

500.00 

.47088651E-03 

. 37471957E-00 

. 14041476E+02 

1000.00 

. 25996140E-03 

o  20687070E-00 

.85590974E+01 

2000 . 00 

. 13476211E-03 

. 10724028E-00 

.46001912E+01 

5000.00 

. 54583660E-04 

.43436295E-01 

.  18867117E  +  01 

10000.00 

. 27351318E-04 

.21765487E-01 

.94747284E-00 

R  =  .30E+01 

Sl=  .2000E-00  S2= 

.2000E'”02  D=  . 

40E+04  E=  .lOE+06 

THETA= 

.00 

T 

E/H(MKS) 

E/H ( PRAC ) 

APP.RE5I5T I VITY 

.  10 

. 19871552E-01 

. 15813278E+02 

. 5001 1952E+01 

.20 

. 14051628E-01 

. 1 1181930E+02 

.  50014224E  +  01 

.50 

.8886351 OE-02 

. 70715332E+01 

.50006582E+01 

1.00 

.62897474E-02 

.50052218E+01 

.  50104490E  +  01 

2.00 

.44583635E-02 

. 35478528E+01 

.50349036E+01 

5.00 

. 26253387E-02 

. 20891781E+01 

.43646651E+01 

10.00 

. 17819237E-02 

.14180098E+01 

.40215036E+01 

20.00 

. 13894137E-02 

.11056603E+01 

.48899388E+01 

50.00 

. 11706091E-02 

.93154109E-00 

. 86776880E+01 

100.00 

. 10911278E-02 

.86829189E-00 

.  15078616E  +  02 

200.00 

. 11692466E-02 

.93045685E-00 

. 34629998E+02 

500.00 

. 12198544E-02 

. 97072926E-00 

.94231530E+02 

1000.00 

. 11109181E-02 

.88404051E-00 

. 15630552E+03 

2000.00 

.87246761E-03 

.69428764E-00 

. 19281413E+03 

5000.00 

.47276875E-03 

.37621741E-00 

.14153954E+03 

10000.00 

. 25470520E-03 

.20268795E-00 

.82164810E+02 

R  =  .50E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

T  MET  A  = 

.00 

T 

E/H(MK5) 

E/H ( PRAC ) 

APP.RE5I5T IVITY 

.10 

.  20321455E-01 

. 16171300E+02 

.52302188E+01 

.20 

. 14273029E-01 

.  1  13581  15E  +  02 

.51602712E+01 

.50 

.89708763E-02 

. 71387963E+01 

.50962413E+01 

1.00 

.63299971E-02 

.50372515E+01 

. 50747806E+01 

2.00 

,44774076E-02 

. 35630076E+01 

.50780092E+01 

5.00 

.26319200E-02 

. 20944153E+01 

.43865754E+01 

10.00 

. 17847651E-02 

.14202709E+01 

.40343388E+01 

20.00 

. 13932454E-02 

. 11087094E+01 

.49169460E+01 

50.00 

.  11938998E-02 

.95007524E-00 

.90264296E+01 

100.00 

.  10768971E-02 

. 85696746E-00 

. 14687865E+02 

200.00 

.95684748E-03 

.76143501E-00 

.23191331E+02 

500.00 

.  11891799E-02' 

.94631927E-00 

.89552016E+02 

1000.00 

. 12214324E-02 

.97198499E*-00 

. 18895096E+03 

2000.00 

. 11437025E-02 

.91012950E-00 

.33133428E+03 

5000.00 

.87581131E-03 

.69694847E-00 

.48573717E+03 

10000.00 

.57777718E-03 

.45978046E-00 

.42279614E+03 

^+346'®§t‘t#ifL  1, ,;.  W*^3$0£Mll'^»;;iVA''f  '■ 
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(FX»IIY)  H.M.O. 


R  =  .20E-00 

Sl=  .2000E-00  52= 

.2000E-02  l.)=  . 

40E+04  E=  .lOE+06 

theta=  all 

ANGLES 

T 

E/H(MKS) 

E/IK  RRAC ) 

APP.RE5I5T IVITY 

.10 

.  19974218E-01 

.  1  5894977E  +  02 

.  50530058E  +  01 

.20 

. 14103381E-01 

.  1  1223114E  +  02 

.50383316E+01 

.50 

. 89060986E-02 

. 70872479E+01 

. 50229083E+01 

1.00 

. 62989399E-02 

. 50125369E+01 

.50251052E+01 

2.00 

.44610022E-02 

. 35499526E+01 

.50408652E+01 

5.00 

. 26332641E-02 

.20954849E+01 

.43910570E+01 

10.00 

.  18293206E-02 

.  14557270E  +  01 

.42382822E+01 

20.00 

. 14786975E-02 

.11767100E+01 

.55385856E+01 

50.00 

. 12510402E-02 

.99554613E-00 

.99111210E+01 

100.00 

. 10411302E-02 

.82850506E-00 

. 13728413E+02 

200.00 

. 75560167E-03 

.60128868E-00 

. 14461923E+02 

500.00 

. 36340601E-03 

.28918930E-00 

.83630451E+01 

1000.00 

.21321487E-03 

.16967100E-00 

.57576496E+01 

2000.00 

. 10575047E-03 

.84153547E-01 

.28327278E+01 

5000.00 

. 36356557E-04 

.28931628E-01 

.83703910E-00 

10000.00 

. 19536330E-04 

.  15546517E-01 

.48338838E~00 

R  =  .30E+01 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

theTa=all  angles 

THETA=  30 

.00 

T 

E/H(MKS) 

E/H(PRAC) 

APP.RE5I5T IVITY 

.10 

. 19872784E-01 

.15814259E+02 

.50018158E+01 

.20 

. 14052562E-01 

.  11182673E+02 

.50020872E+01 

.50 

. 88867401E-02 

.70718428E+01 

. 50010961E+01 

1.00 

.62900096E-02 

.50054304E+01 

.  50l08666E  +  0l 

2.00 

.44583684E-02 

.35478567E+01 

. 50349148E+01 

5.00 

.26254304E-02 

. 20892511E+01 

.43649702E+01 

10.00 

. 17836614E-02 

.14193926E+01 

.40293508E+01 

20.00 

.  13954233E-02 

.  1 1104425E  +  01 

.49323300E+01 

50.00 

. 12034732E-02 

.95769351E-00 

.91717686E+01 

100.00 

.  11526730E-02 

.91726800E-00 

. 16827612E+02 

200.00 

. 11433236E-02 

. 90982798E-00 

.33111478E+02 

500.00 

. 10253431E-02 

.81594209E-00 

.66576149E+02 

1000.00 

.7869.9372E-03 

.62626968E-00 

.78442742E+02 

2000.00 

.49351580E-03 

.39272738E-00 

.61693920E+02 

5000.00 

. 21750783E-03 

.17308723E-00 

.29959189E+02 

10000.00 

. 11061797E-03 

.88026981E-01 

. 15497499E+02 

R  =  .50E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .loE+06 

theta=all  angles 

T 

E/H(MK5) 

E/H ( PRAC ) 

APP.RE5I5TIVITY 

.10 

. 19752933E-01 

. 15718884E+02 

.49416662E+01 

.20 

. 13992609E-0 1 

. 1 1 134964E+02 

.49594968E+01 

.50 

. 88634690E-02 

. 70533243E+01 

.49749384E+01 

1.00 

. 62792091E-02 

.49968357E+01 

.49936734E+01 

2.00 

.44532834E-02 

. 35438102E+01 

.50234364E+01 

5 .00 

. 26236291E-02 

. 20878176E+01 

.43589823E+01 

10.00 

. 17831445E-02 

. 14189813E+01 

.40270158E+01 

20.00 

. 13956674E-02 

.11106368E+01 

.49340564E+01 

50.00 

. 12005297E-02 

.95535115E-00 

.91269582E+01 

100.00 

. 11158476E-02 

.88796328E-00 

. 15769576E+02 

200.00 

. 10646327E-02 

. 84720776E-00 

.28710440E+02 

500.00 

. 10615900E-02 

.84478645E-00 

.71366415E+02 

1000.00 

. 96066186E-03 

.76447039E-00 

. 11688300E+03 

2000.00 

. 73386644E~03 

. 58399234E-00 

. 13641882E+03 

5000.00 

. 38042379E-03 

. 30273162E-00 

.91646434E+02 

10000.00 

. 20142818E-03 

. 16029145E-00 

.51 386698E+02 

A89 


(EY»HX)  H.M.O. 

R  =  .OOE-99  Sl=  .2000E-00  52=  .2000E-02  D=  .40E+04  E=  .lOE+06 


THETA=  .00 


T 

E/H(MKS) 

E/H( PRAC ) 

APP.RE5I5T I VITY 

.  10 

. 19872110E-01 

. 15813722E+02 

. 50014760E+01 

.20 

. 14051682E-01 

.11181973E+02 

. 50014608E+01 

.50 

.88864873E-02 

.70716417E+01 

.50008116E+01 

1.00 

. 62898220E-02 

. 50052812E+01 

. 50105680E+01 

2.00 

.44573592E-02 

.35470536E+01 

. 50326356E+01 

5.00 

.26275070E-02 

.20909036E+01 

.43718779E+01 

10.00 

. 18049204E-02 

.14363100E+01 

.41259728E+01 

20.00 

. 14421785E-02 

.11476491E+01 

.52683940E+01 

50.00 

. 12483643E-02 

.99341671E-00 

498687676E+01 

100.00 

. 11121785E-02 

.88504350E-00 

. 15666040E+02 

200.00 

.91497773E-03 

.  72811612E-‘00 

.21206123E+02 

500.00 

.57562614E-03 

.45806871E-00 

. 20982694E+02 

1000.00 

. 34505523E-03 

.27458622E-00 

.15079518E+02 

2000.00 

. 18640716E-03 

. 14833810E-00 

.88016768E+01 

5000.00 

.77294269E-04 

.61508823E-01 

. 37833353E+01 

10000.00 

.39143893E-04 

. 31149719E-01 

. 19406100E+01 

R  =  .20E-00 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

theta= 

00 

T 

E/H(MK5) 

E/H ( PRAC ) 

APP.RE5I5TIVITY 

.10 

. 19865817E-01 

.  15808714E  +  02 

.49983088E+01 

.20 

. 14048479E-01 

.11179424E+02 

.49991808E+01 

.50 

.88853076E-02 

.70707029E+01 

.49994840E+01 

1.00 

.62893046E-02 

. 50048694E+01 

.50097436E+01 

2.00 

.44573392E-02 

.35470377E+01 

. 50325904E+0 1 

5.00 

.26266349E-02 

.20902096E+01 

.43689762E+01 

10.00 

. 18003291E-02 

.14326563E+01 

.41050082E+01 

20.00 

. 14360732E-02 

. 1 1427907E+01 

.52238824E+01 

50.00 

. 12519153E-02 

.99624251E-00 

.99249914E+01 

100.00 

. 11297153E-02 

.89899884E-00 

.  16163978E  +  02 

200.00 

.94641338E-03 

.75313181E-00 

.22688301E+02 

500.00 

. 61364030E-03 

.48831942E-00 

.23845586E+02 

1000.00 

.37054758E-03 

.29487239E-00 

. 17389945E+02 

2000.00 

. 20330660E-03 

. 16178625E-00 

. 10469916E+02 

5000.00 

. 85339697E-04 

.67911171E-01 

.46119271E+01 

10000.00 

.42996718E-04 

.34215700E-01 

.23414282E+01 

R  =  .20E-00 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  30. 

00 

T 

E/H{MK5) 

E/H( PRAC ) 

APP.RE5I5T I VITY 

.10 

. 19869191E-01 

.15811399E+02 

.50000068E+01 

.20 

. 14050205E-01 

. 11180798E+02 

. 50004096E+01 

.50 

.88859443E-02 

. 70712096E+01 

. 50002005E+01 

1.00 

.62895992E-02 

. 50051039E+01 

.  50102130E  +  01 

2.00 

.44574472E-02 

.35471237E+01 

.50328348E+01 

5.00 

.26268381E-02 

. 20903713E+01 

.43696522E+01 

10.00 

. 18012029E-02 

.14333517E+01 

.41089942E+01 

20.00 

. 14372075E-02 

. 1 1436934E+01 

.52321384E+01 

50.00 

. 12512012E-02 

.99567425E-00 

. 99136721E+01 

100.00 

. 11263855E-02 

.89634907E-00 

. 16068833E+02 

200.00 

. 94063450E-03 

. 74853313E-00 

.22412074E+02 

500.00 

.60633070E-03 

.48250262E-00 

.23280878E+02 

1000.00 

. 36575621E-03 

.29105953E-00 

. 16943130E+02 

2000.00 

.20023649E-03 

. 15934313E-00 

.  10156093E  +  02 

5000.00 

. 83794514E-04 

.66681553E-01 

.44464295E+01 

10000.00 

.42254598E-04 

.33625140E-01 

. 22613000E+01 
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(EY,HX)  H.M.D. 


R  =  .20E-00 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THFTA=  60. 

00 

T 

E/H(MK5) 

E/H ( PRAC ) 

APP.RE5I5T I VITY 

.10 

.  19875374E-01 

. 1 5816320E+02 

. 50031196E+01 

.20 

. 14053319E-01 

. 1 1 183276E+02 

.50026264E+01 

.50 

.88871176E-02 

. 70721433E+01 

.50015211E+01 

1.00 

.62901398E-02 

. 50055340E+01 

.50110742E+01 

2.00 

.44576437E--02 

.35472800E-I-01 

.50332780E+01 

5.00 

. 26272098E-02 

.20906671E+01 

.43708889E+01 

10.00 

.'18028013E-02 

. 14346236E+01 

.41 162898E+01 

20.00 

. 14393077E-02 

. 1 1453646E+01 

.52474404E+01 

50.00 

. 12499905E-02 

.99471080E*00 

.98944958E+01 

100.00 

. 11203586E-O2 

.89155302E-00 

.  15897336E  +  62 

200.00 

.93003074E-03 

.74009492E-00 

.21909620E+02 

500.00 

. 59290498E-03 

.47181878E-00 

.22261296E+02 

1000.00 

. 35699477E-03 

.28408740E-00 

.16141130E+02 

2000.00 

. 19463586E-03 

.  15488629E-00 

.95959052E+01 

5000.00 

. 80979028E-04 

.64441061E-01 

.41526503E+01 

10000.00 

.40902770E-04 

. 32549389E-01 

.21189254E+01 

R  =  .20E-00 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  90. 

00 

T 

E/H(MK5) 

E/H ( PRAC ) 

APP.RE5I5TIVITY 

.10 

. 19878212E-01 

.  15818578E  +  02 

. 50045482E+01 

.20 

. 14054758E-01 

,11184421E+02 

.50036508E+01 

.50 

.88876541E-02 

. 70725702E+01 

.50021249E+01 

1.00 

. 62903883E-02 

.50057318E+01 

.50114702E+01 

2.00 

.44577374E-02 

.35473546E+01 

,  50334900E  +  01 

5.00 

.26273807E-02 

.20908031E+01 

.43714576E+01 

10.00 

. 18035346E-02 

.14352072E+01 

.41 196394E+01 

20.00 

. 14402816E-02 

.1 1461396E+01 

.52545440E+01 

50.00 

. 12494777E-02 

.99430273E-00 

. 98863792E+01 

100.00 

. 11176248E-02 

.88937753E-00 

.15819848E+02 

200.00 

.92515595E-03 

.73621569E-00 

.21680542E+02 

500.00 

. 58672616E-03 

.46690183E-00 

,21799732E+02 

1000.00 

. 35297924E-03 

,28089195E-00 

. 15780058E+02 

2000.00 

, 19207483E-03 

.  15284829E-00 

.93450400E+01 

5000.00 

.79692901E-04 

.63417594E-01 

.40217912E+01 

10000.00 

.40285418E-04 

.  32058116E-01 

.20554456E+01 

R  =  .30E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

theta= 

00 

T 

E/H(MK5) 

E/H ( PRAC ) 

APP,RE5I5TIVITY 

.10 

. 19872591E-01 

.15814105E+02 

. 50017184E+01 

.20 

. 14052316E-01 

. 1 1182477E+02 

. 50019116E+01 

.50 

.88868331E-02 

. 70719169E+01 

.50012009E+01 

1.00 

. 62900015E-02 

. 50054240E+01 

.50108538E+01 

2.00 

.44583555E-02 

. 35478465E+01 

.50348860E+01 

5.00 

. 26254225E-02 

. 20892448E+01 

,43649438E+01 

10.00 

. 17836574E-02 

, 14193894E+01 

.40293326E+01 

20.00 

. 13953281E-02 

.11103668E+01 

.49316576E4-01 

50,00 

. 12050632E-02 

. 95895879E-00 

.91960196E+01 

100,00 

.  1 1661240E-02 
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R  =  .50E+01 
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.49612676E+01 

1.00 

.62733563E-02 

.49921782E+01 

.49843686E+01 

2.00 

.44504951E-02 

. 35415914E+01 

.50171480E+01 

5.00 

. 26226593E-02 

.20870459E+01 

. 43557606E+01 

10.00 

. 17828107E-02 

. 14187156E+01 

.40255080E+01 

20.00 

.  13955087E-02 

. 1 1105105E+01 

.49329344E+01 

50.00 

. 11998730E-02 

.95482856E-00 

.91169758E+01 

100.00 

. 11140423E-02 

.88652667E-00 

. 15718591E+02 

200.00 

. 10742438E-02 

.85485603E-00 

.29231153E+02 

500.00 

. 10981883E-02 

. 87391045E-00 

.76371947E+02 

1000.00 

.99326114E-03 

.79041208E-00 

. 12495025E+03 

2000.00 

. 71486694E-03 

.56887302E-00 

.  12944660E  +  03 

5000.00 

. 31176129E-03 

.24809174E-00 

.61549511E+02 

10000.00 

. 14901869E-03 

.11858530E-00 

.28124946E+02 

R  =  .50E+01 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  30. 

00 

T 

E/H ( MKS ) 

E/H ( PRAC ) 

APP. RESISTIVITY 

.10 

. 19648865E-01 

. 15636069E+02 

.48897330E+01 

.20 

.  13940861E-01 

. 1 1093784E+02 

.49228816E+01 

.50 

. 88437287E-02 

. 70376155E+01 

.49528032E+01 

1.00 

. 62697267E-02 

.49892898E+01 

.49786026E+01 

2.00 

.44487649E-02 

.35402145E+01 

.50132476E+01 

5.00 

.26220571E-02 

.20865667E+01 

.43537606E+01 

10.00 

.  17826032E-02 

. 14185505E+01 

. 40245710E+01 

20.00 

.  13954097E-02 

. 11104317E+01 

.49322344E+01 

50.00 

. 11994644E-02 

.95450341E-00 

.91 107676E+01 

100.00 

. 11129098E-02 

.88562545E-00 

. 15686649E+02 

200.00 

. 10800602E-02 

.85948457E-00 

.29548549E+02 

500.00 

. 11228108E-02 

.89350442E-00 

.79835015E+02 

1000.00 

. 10244972E-02 

.81526894E-00 

. 13293269E+03 

2000.00 

. 71404742E-03 

.56822086E-00 

. 12914998E+03 

5000.00 

. 27072862E-03 

.21543898E-00 

.46413954E+02 

10000.00 

. 11714540E-03 

. 93221344E-01 

.  17380438E  +  02 

R  =  .50E+01 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .loE+06 

THETA=  60, 

00 

T 

E/H(MKS) 

E/H ( PRAC ) 

APP. Resistivity 

.10 

.  20193020E-01 

. 16069094E+02 

.51643156E+01 

.20 

. 14210420E-01 

. 1 1308293E+02 

.51150996E+01 

.50 

. 89461385E-02 

.71191106E+01 

.50681736E+01 

1.00 

.63187967E-02 

. 50283385E+01 

.  5o568376E  +  01 

2.00 

.44720792E-02 

. 35587674E+01 

.50659300E+01 

5.00 

.26301388E-02 

.20929979E+01 

.43806402E+01 

10.00 

. 17853665E-02 

. 14207495E+01 

.40370582E+01 

20.00 

. 13967102E-02 

. 1 1114666E+01 

.49414320E+01 

50.00 

. 12048893E-02 

. 95882041E-00 

.91933658E+01 

100.00 

. 11273299E-02 

. 89710060E-00 

.  16095790E+02 

200.00 

.99230752E-03 

.78965321E-00 

.24942088E+02 

500.00 

.93894178E-03 

.74718610E-00 

.55828707E+02 

1000.00* 

.99928202E-03 

. 79520334E-00 

.  12646967E  +  03 

2000.00 

.94327836E-03 

.75063704E-00 

.22538239E+03 

5000.00 

. 73121713E-03 

. 58188408E-00 

.  33858908E  +  03 

10000.00 

. 50436626E-03 

. 40136190E-00 

.32218274E+03 

A9  3 


(rY,HX)  hi.M.n. 

R  =  .50E+01  Sl=  .2000E-00  S2=  .2000E-02  0=  .40E+04  E=  .lOE+06 

TMETa=  90.00 


T 

E/H(MKS) 

E/tl(  PRAC  ) 

APP. RESIST  I VITY 

.  1  0 

.  1987^767E-01 

. 1 5815837E+02 

.  50028140E  +  01 

.20 

. 14053069E-01 

.  1  1183077E  +  02 

.  50024484E  +  01 

.50 

.88864836E-02 

. 70716387E+01 

.  50008074E  +  01 

1.00 

.62902504E-02 

. 50056221E+01 

•50112506E+01 

2.00 

.44585364E-02 

. 35479904E+01 

.  50352944E  +  01 

5.00 

. 26254534E-02 

. 20892694E+01 

.43650466E+01 

10.00 

. 17837704E-02 

. 14194793E+01 

. 40298430E+01 

20.00 

. 13959636E-02 

.  1  1108725E  +  01 

.49361508E+01 

50.00 

. 12017594E-02 

. 95632971E-00 

.91456651E+01 

100.00 

. 11191760E-02 

.89061193E-00 

.  15863792E  +  02 

200.00 

. 10457533E-02 

.83218401E-00 

.27701209E+02 

500 .00 

. 10049646E-02 

. 79972539E-00 

.63956070E+02 

1 000 . 0  0 

. 94188361E-03 

.74952714E-00 

.  11235819E  +  03 

2000.00 

. 79346595E-03 

. 63142012E-00 

. 15947655E+03 

5000.00 

.  50101468E-03 

. 39869480E-00 

. 15895754E+03 

10000.00 

. 29654494E-03 

.23598296E-00 

,  11137591E  +  03 

A94 

( r{ RHO) >H(PHI ) )  V.E.D. 


=  .20E-00 

Sl=  .2000E-00  S2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

T 

E/H (MKS ) 

E/H ( HRAC ) 

APP.RE5I5T IVITY 

.  1  0 

. 19872038E-01 

.15813665E+02 

. 50014400E+01 

.20 

. 14051655E-01 

. 1 118195TE+02 

.50014412E+01 

.50 

. 88865434E-02 

.70716863E+01 

.50008747E+01 

1.00 

.62897518E-02 

.50052253E+01 

.50104560E+01 

2.00 

.44587270E-02 

.35481421E+01 

.50357248E+01 

5.00 

. 26246036E-02 

.20885931E+01 

.43622211E+01 

10.00 

. 17731298E-02 

.14110118E+01 

.39819086E+01 

20.00 

. 13786479E-02 

. 10970931E+01 

.48144532E+01 

50.00 

. 12021233E-02 

.95661930E-00 

.91512049E+01 

100.00 

.  11586643E-02 

.92203572E-00 

.17002997E+02 

200.00 

. 11399932E-02 

.90717774E-00 

.32918858E+02 

500.00 

.  11294460E-02 

.89878454E^O0 

.80781365E+02 

1000.00 

.  11261473E-02 

.89615952E--00 

. 16062038E+03 

2000.00 

. 11248990E-02 

.89516615E-00 

. 32052898E+03 

5000.00 

. 11243589E-02 

.89473636E-00 

.80055315E+03 

10000.00 

. 11241986E-02 

.89460879E-00 

.16006498E+04 

=  .30E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

T 

E/H(MK5) 

E/H(PRAC ) 

APP.RE5I5TI VITY 

.10 

. 19872040E-01 

.15813666E+02 

.50014406E+01 

.20 

. 14051653E-01 

.11181950E+02 

.50014404E+01 

.50 

.88865400E-02 

.70716836E+01 

.50008709E+01 

1.00 

.62897873E-02 

. 50052535E+01 

.50105126E+01 

2.00 

.44583076E-02 

.35478083E+01 

.50347776E+01 

5.00 

.26254123E-02 

.20892367E+01 

.43649100E+01 

10.00 

. 17841109E-02 

.14197503E+01 

.40313818E+01 

20.00 

.  13976418E-02 

. 11122080E+01 

.49480264E+01 

50.00 

. 12046588E-02 

.95863698E-00 

.91898486E+01 

100.00 

. 11117212E-02 

.88467959E-00 

. 15653160E+02 

200.00 

. 10144422E-02 

.80726743E-00 

.26067228E+02 

500.00 

.89995240E-03 

.71615934E-00 

.51288420E+02 

1000.00 

.84330336E-03 

.67107947E-00 

.90069532E+02 

2000.00 

.81223115E-03 

.64635299E-00 

.16710888E+03 

5000.00 

.79532578E-03 

.63290013E-00 

.40056257E+03 

10000.00 

.79104254E-03 

.62949163E-00 

.79251942E+03 

=  .50E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

T 

E/H{MK5) 

E/H(PRAC) 

APP.RE5I5TIVITY 

.10 

. 19871657E-01 

.15813362E+02 

.50012484E+01 

.20 

. 14051384E-01 

.11181736E+02 

.50012488E+01 

.50 

.88863713E-02 

.70715494E+01 

.50006811E+01 

1.00 

.62896664E-02 

.50051573E+01 

.50103200E+01 

2.00 

.4458224.2E-02 

.35477420E+01 

.50345892E+01 

5.00 

. 26253667E-02 

.20892004E+01 

.43647583E+01 

10.00 

. 17840040E-02 

.14196652E+01 

.40308986E+01 

20.00 

. 13969962E-02 

. 11116942E+01 

.49434560E+01 

50.00 

.  12059016E-02 

.95962597E-00 

.92088200E+01 

100.00 

.  11316344E-02 

. 90052601E-00 

. 16218942E+02 

200.00 

. 10485663E-02 

.83442252E-00 

.27850438E+02 

500.00 

.  88857413E“03 

. 70710480E-00 

.49999720E+02 

1000.00 

.76508058E-03 

.60883176E~00 

.74135222E+02 

2000.00 

.67577280E-03 

.53776289E-00 

.11567557E+03 

5000.00 

.61671216E-03 

.49076393E-00 

.24084923E+03 

10000.00 

.59998906E-03 

.47745611E-00 

.45592868E+03 
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2000E-02  D=  .40E+04  E=  .loE+06 


(EX,HY)  tl.E.D. 

R  =  .OOE-99  Sl=  .2000E-00  S2=  . 
THETA=  .00 


T 

E/H( MKS ) 

E/H( RRAC ) 

APP.KE5I5T I VlTY 

.10 

.97502711E-00 

,77590190E+03 

. 12040475E+05 

.20 

.48500584E-00 

.38595537E+03 

.59584620E+04 

.50 

. 19202806E-00 

. 15281107E+03 

.23351223E+04 

1.00 

.94914800E-01 

.75530796E+02 

. 11409802E+04 

2.00 

.46654136E-01 

.371261 81  E-t-02 

.55134132E+03 

5.00 

.  18186768E-01 

. 14472570E+02 

.20945528E+03 

10.00 

. 89982389E-02 

.71605708E+01 

. 10254755E+03 

20.00 

.44893998E-02 

.35725507E+01 

.51052476E+02 

50.00 

. 18403166E-02 

. 14644774E+01 

.21446941E+02 

100.00 

.  10115134E-02 

, 80493676E-00 

. 12958464E+02 

200.00 

. 63508330E-03 

. 50538322E-00 

. 10216488E+02 

500.00 

. 38368808E-03 

. 30532926E-00 

.93225957E+01 

1000,00 

,24462889E-03 

.  19466948E^00 

,75792412E+01 

2000.00 

. 14234462E-03 

.  11327425E-00 

.51324224E+01 

5000.00 

.67021674E-04 

.53334152E-01 

,28445318E+0l 

10000.00 

. 36858352E-04 

.29330944E-01 

.  17206086E  +  01 

R  =  .20E-00 

Sl=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .loE+06 

theta= 

00 

T 

E/H(MKS) 

E/H(PRAC) 

APP.RE5I5TI VITY 

.  1  0 

,  10044994E  +  01 

.79935520E+03 

.  12779375E  +  05 

.20 

.49975121E-00 

.39768936E+03 

.63262732E+04 

.50 

. 19793329E-00 

. 15751030E+03 

.24809495E+04 

1,00 

.97870782E-01 

.77883091E+02 

.  12131552E  +  04 

2.00 

.48134195E-01 

.38303974E+02 

.58687776E+03 

5,00 

.  18779540E-01 

, 14944283E+02 

,22333159E+03 

10.00 

.92952424E-02 

.73969186E+01 

. 10942881E+03 

20.00 

.46395621E-02 

, 36920461E+01 

.54524816E+02 

50.00 

. 19037762E^02 

.15149769E+01 

.22951550E+02 

100.00 

. 10465668E-02 

. 83283137E-00 

.13872162E+02 

200.00 

.65754637E-03 

.52325876E-00 

.  10951989E  +  02 

500.00 

.39617748E-03 

.31526801E-00 

.99393918E+01 

1000.00 

. 25641974E-03 

. 20405234E-00 

.83274714E+01 

2000,00 

. 15362159E-03 

. 12224817E-00 

.59778460E+01 

5000,00 

. 69585934E“04 

, 55374725E-01 

. 30663602E+01 

10000.00 

, 36935995E-04 

.29392730E-01 

.  17278652E  +  01 

R  =  .20E-00 

51=  ,2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  30. 

00 

T 

E/H{MK5) 

E/H ( PRAC ) 

APP,RE5I5TIVITY 

.10 

. 10094887E+01 

. 80332556E+03 

. 12906639E+05 

.20 

. 50223694E-00 

.39966745E+03 

.63893628E+04 

.50 

.  19892051E-00 

.15829591E+03 

,25057595E+04 

1.00 

,98360431E-01 

.78272741E+02 

.12253244E+04 

2.00 

.48376132E-01 

. 38496501E+02 

.59279224E+03 

5.00 

.  18874534E-01 

. 15019876E+02 

.22559668E+03 

10.00 

. 93418368E-02 

,74339973E+01 

. 11052863E+03 

20.00 

.46615926E-02 

.37095774E+01 

.55043856E+02 

50.00 

, 19100497E-02 

,15199692E+01 

.23103064E+02 

100,00 

. 10470323E-02 

,83320l80E-00 

, 13884505E+02 

200.00 

.65538860E-03 

.52154166E-00 

.10880228E+02 

500.00 

. 39384084E-03 

.31340857E-00 

.98224932E+01 

1000.00 

. 25462770E-03 

, 20262628E-00 

.82114818E+01 

2000.00 

.  15254224E-03 

. 12138925E-00 

.58941400E+01 

5000.00 

.69147577E-04 

,55025892E-01 

, 30278488E+01 

10000.00 

. 36693985E-04 

.29200145E-01 

.  17052969E  +  01 
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(EX,HY)  H.E.D. 


R  =  .20E-00 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E-  .lOE+06 

THETA=  60. 

00 

T 

E/H( MKS ) 

E/H ( PRAC ) 

APP.RESI5TIVITY 

.10 

.  10194666E  +  01 

.81126572E+03 

.  13163041E  +  05 

.20 

.  50720770E“00 

.40362305E+03 

.65164628E+04 

.50 

. 20089447E-00 

.15986673E+03 

.25557371E+04 

1.00 

.99339319E-01 

.79051716E+02 

. 12498348E+04 

2.00 

.48859719E-01 

.38881328E+02 

.60470308E+03 

5.00 

.  19064350E-01 

.15170927E+02 

.23015703E+03 

10.00 

.94349297E-02 

.75080783E+01 

.11274248E+03 

20.00 

.47055998E-02 

.37445972E+01 

.56088032E+02 

50.00 

.  19225928E-02 

.15299507E+01 

.23407491E+02 

100.00 

. 10480096E“02 

.83397951E-"O0 

.13916436E+o2 

200.00 

.65114570E-03 

.  5  1816527E-00 

. 10739810E+02 

500.00 

. 38922997E-03 

. 30973936E-00 

.95938471E+01 

1000.00 

. 25109719E-03 

. 19981679E-00 

.79853500E+01 

2000.00 

. 15041622E-03 

. 1 1969742E-00 

.57309888E+01 

5000 .00 

.68282406E-04 

.54337410E-01 

.29525541EH-01 

10000.00 

. 36216785E-04 

.28820401E-01 

. 16612310E+01 

R  =  .20E-00 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  90. 

00 

T 

E/H(MK5) 

E/H( PRAC ) 

APP.RE5I5TIVITY 

.10 

. 10244548E+01 

.81523520E+03 

.13292169E+05 

.20 

.50969250E-00 

.40560039E+03 

.65804672E+04 

.50 

.20188109E-00 

. 16065186E+03 

.25809020E+04 

1 .00 

.99828548E-01 

.79441032E+02 

.12621755E+04 

2.0  0 

.49101345E-01 

. 39073608E+02 

.61069872E+03 

5.00 

.  19159166E-01 

. 15246379E+02 

.23245207E+03 

10.00 

.94814227E-02 

.75450762E+01 

.  11385635E  +  03 

20.00 

.47275739E-02 

.37620837E+01 

.56613096E+02 

50.00 

. 19288614E-02 

. 15349391E+01 

.  23560380E4-02 

100.00 

. 10485208E-02 

.83438631E-00 

. 13924010E+02 

200.00 

.64906019E-03 

. 51650567E-00 

. 10671124E+02 

500.00 

, 38695537E-03 

, 30792929E-00 

.94820448E+01 

1000.00 

.24935828E-03 

. 19843301E-00 

.78751318E+01 

2000.00 

. 14936927E-03 

.  1 1886428E-00 

. 56514868E+01 

5000.00 

.67855506E-04 

.53997694E-01 

.29157510E+01 

10000.00 

. 35981534E-04 

.28633194E-01 

. 16397196E+01 

R  =  .30E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

theta= 

00 

T 

E/H(MK5) 

E/H ( PRAC  ) 

APP.RE5I5TIVITY 

.10 

.47381696E+01 

. 37705154E+04 

.28433572E+06 

.20 

.23679260E+01 

. 18843356E+04 

. 14202883E+06 

.50 

.94625109E-00 

.75300267E+03 

. 56701302E+05 

1.00 

.47260726E-00 

. 37608890E+03 

.28288572E+05 

2.00 

. 23591968E-00 

. 18773891E+03 

. 14098359E+05 

5.00 

.94135514E-01 

.74910659E+02 

.56116068E+04 

10.00 

.47024804E-01 

,37421149E+02 

. 28006848E+04 

20.00 

.23521909E-01 

. 18718140E+02 

. 14014751E+04 

50.00 

.94807751E-02 

.75445609E+01 

.56920399E+03 

100.00 

.49181939E-02 

.39137742E+01 

.30635256E+03 

200.00 

. 29117248E-02 

.23170769E+01 

.21475382E+03 

500.00 

. 21275330E-02 

. 16930369E+01 

.28663739E+03 

1000.00 

. 20817483E-02 

. 16566026E+01 

.54886644E+03 

2000.00 

.21185934E-02 

. 16859230E+01 

.  11369346E  +  04 

5000.00 

.  18387402E-02 

.14632229E+01 

.21410213E+04 

10000.00 

.  12753314E-02 

. 10148764E+01 

.20599482E+04 
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(EX^MY)  II. L. 

D. 

R  =  .30E+01 

Sl=  .2000E-00  52 

.2000E-02  D=  . 

40E+04  E=  .loE+06 

THETA=  30. 

00 

T 

E/I-KMKS  ) 

E/H ( PRAC ) 

APP.RE5I5T I VITY 

.10 

, 72982946E+01 

.58077981E+04 

.67461038E+06 

.20 

. 36471174E+01 

.29022837E+04 

. 33693003E+06 

.50 

. 14572366E+01 

. 1 1596320E+04 

. 13447464E+06 

1.00 

,72771125E-00 

. 57909419E+03 

.67070016E+05 

2.00 

. 36318468E-00 

.28901318E+03 

.3341 1447E+05 

5.00 

. 14486645E-00 

. 1 1528105E+03 

. 13289720E+05 

10.00 

. 72342534E-01 

. 57568358E+02 

.66282316E+04 

20.00 

.36151886E-01 

.28768756E+02 

.33105653E+04 

50.00 

. 14490537E-01 

.  1  1531203E-f02 

. 13296864E+04 

100.00 

.73596790E- 02 

.  58566463E+01 

.68600612E+03 

200.00 

.39634127E- 02 

. 31539835E+01 

.39790448E+03 

500.00 

. 20989768E- 02 

.16703126E+01 

.27899442E+03 

1000.00 

. 15669871E- 02 

. 12469687E+01 

. 31098618E+03 

2000 .00 

. 13194611E-02 

. 10499937E+01 

.44099472E+03 

5000.00 

.  10078602E-0  ' 

.80202964E-00 

.64325154E+03 

10000.00 

,71178607E-C: 

. 56642134E-00 

.64166626E+03 

R  =  .30E+01 

51=  .2000E-00  2= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  60. 

00 

T 

E/H(MK5) 

E/H( PRAC ) 

APP.RE5I5T I VITY 

.10 

. 12400116E+02 

. 98676985E+04 

. 19474295E+07 

.20 

.61924780E+01 

.49278173E+04 

.97133532E+06 

.50 

. 24709872E+01 

.19663491E+04 

. 38665288E+06 

1.00 

.  12321186E+01 

. 98048880E+03 

.  19227166E  +  06 

2.00 

.61357215E-00 

.48826519E+03 

.95361160E+05 

5.00 

. 24391851E-00 

.19410418E+03 

.37676433E+05 

10,00 

. 12156735E“00 

, 96740220E+02 

.  18717340E  +  05 

20.00 

.60580018E‘-01 

.48208045E+02 

.92960624E+04 

50.00 

.23988703E-01 

. 19089603E+02 

. 36441294E+04 

100.00 

. 11724063E-01 

.93297126E+01 

. 17408707E+04 

200.00 

.54423892E-02 

.43309156E+01 

.75027320E+03 

500.00 

.  18923202E--02 

.  15058605E4-01 

.22676158E+03 

1000.00 

.919431U1E-03 

.73165993E-“00 

.  10706525E  +  03 

2000.00 

.  50604564E-‘03 

.40269831E-00 

.64866372E+02 

5000.00 

. 26011715E-03 

. 20699464E^00 

•42846781E+02 

10000.00 

.  15391563E-"03 

. 12248216E-00 

.30003760E+62 

R  =  .30E+01 

51=  .2000E-00,  52  = 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  90. 

00 

T 

E/H( MK5 ) 

E/H ( PRAC  ) 

APP,RE5I5TI VITY 

.  10 

. 14941827E+02 

. 1 1890328E+05 

.28275980E+07 

.20 

.74586644E+01 

.59354164E+04 

. 14091667E+07 

.50 

. 29737709E+01 

.23664516E+04 

. 56000932E+06 

1.00 

. 14814412E+01 

. 1 1788934E+04 

.27795792E+06 

2.00 

.73671582E-00 

. 58625980E+03 

.13748022E+06 

5.00 

.29225739E-00 

.23257103E+03 

. 54089284E+05 

10.00 

. 14547719E-00 

. 1 1576707E+03 

.26804028E+05 

20.00 

.72360759E-01 

.57582861E+02 

. 13263144E+05 

50.00 

.28424283E-01 

.22619325E+02 

. 51 163386E+04 

100.00 

. 13573533E-01 

. 10801474E+02 

.23334368E+04 

200.00 

• 58868073E-02 

. 46845723E+01 

.87780872E+03 

500.00 

. 18163488E-02 

. 14454044E+01 

.20891939E+03 

1000.00 

. 79458677E-03 

.63231204E-00 

.79963704E+02 

2000.00 

. 38125542E-03 

. 30339341E-00 

. 36819024E+02 

5000.00 

. 17307568E-03 

. 13772925E-00 

. 18969346E+02 

10000,00 

.99520760E-04 

. 79196102E-01 

. 12544045E+02 
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(EX,HY)  H.E. 

D. 

R  =  .50E+01 

Sl=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E-  .lOE+06 

THETA= 

00 

T 

E/H{MKS) 

E/H ( PRAC  ) 

APP,RE5I5T IVITY 

.  1  0 

.84181094E+01 

,66989184E+04 

.89751016E+06 

.20 

.42092322E+01 

.33496004E+04 

.44879292E+06 

.50 

.  16838470E+01 

. 13399628E+04 

.  17955003E4-06 

1.00 

. 84200959E-00 

.67004992E+03 

.89793380E+05 

2.00 

.42106733E-00 

. 33507472E+03 

.44910028E+05 

5.00 

.  16846613E-00 

. 13406108E+03 

. 17972373E+05 

10.00 

.84253576E‘-01 

.67646863E-I-02 

•89905636E+64 

20,00 

,42156825E-01 

.33547334E+02 

.45016944E+04 

50.00 

. 16935859E-01 

.13477128E+02 

.  18163298E  +  04 

100.00 

.85762774E-02 

.68247845E+01 

.93155366E+03 

200.00 

.45250694E-02 

. 36009357E+01 

.  51866952E  +  03 

500.00 

. 27357679E-02 

.21770549E+01 

,47395680E+03 

1000.00 

.23501716E-02 

.18702071E+01 

.69953492E+03 

2000.00 

. 18763928E-02 

. 14931859E+01 

. 89184164E+03 

5000.00 

. 10597148E-02 

.84329422E-00 

.71114514E+03 

10000.00 

,60727007E-03 

.48325015E-00 

.46706142E+03 

R  =  .50E+01 

51=  .2000E-00  52= 

.2000E-02  D=  • 

40E+04  E=  .lOE+06 

THETA=  30, 

00 

T 

E/H(MK5) 

E/H{ PRAC ) 

APP.RE5I5TI VITY 

.10 

. 17037431E+02 

.13557956E+05 

.36763634E+07 

.20 

.85175418E+01 

.67780442E+04 

,18376753E+07 

.50 

. 34060973E+01 

.27104860E+04 

.73467344E+06 

1.00 

. 17025300E+01 

. 13548303E+04 

. 36711302E+06 

2.00 

.85088025E-00 

.67710897E+03 

.  18339062E  +  06 

5.00 

.  34011844E‘'00 

.27065765E+03 

.73255564E+05 

10.00 

. 17001016E-00 

.13528978E-f03 

.36606650E+05 

20.00 

.85001525E-01 

.67642062E+02 

.  18301794E  +  05 

50.00 

. 34035969E-01 

.27084963E+02 

.73359522E+04 

100.00 

. 17099589E-01 

. 13607420E+02 

.37032376E+04 

200.00 

•87638267E“02 

.69740315E+01 

. 19454846E+04 

500.00 

.41190517E-02 

.32778371E+01 

. 10744216E+04 

1000.00 

,27046392E-02 

.21522834E+01 

.92646476E+03 

2000.00 

, 21441881E-02 

.  17062906E  +  01 

.  1 1645710E  +  04 

5000.00 

. 19546481E-02 

.15554595E+01 

.24194543E+04 

10000.00 

. 18116059E-02 

.14416301E+01 

.41 565946E+04 

R  =  .50E+01 

51=  .2000E-00  52= 

.2000E-02  D=  . 

40E+04  E=  .lOE+06 

THETA=  60. 

00 

T 

E/H(MK5) 

E/H( PRAC ) 

APP.RE5I5TIVITY 

.10 

.34210590E+02 

.27223922E+05 

. 14822839E+08 

.20 

. 17087713E+02 

. 13597970E+05 

.73961916E+07 

.50 

.68211610E+01 

.54281073E+04 

.29464349E+07 

1.00 

.34027487E+01 

.27078213E+04 

. 14664592E+07 

2.00 

. 16956016E+01 

• 13493168E+04 

.72826232E+06 

5,00 

.67473167E-00 

. 53693439E+03 

.28829854E+06 

10.00 

, 33644103E-00 

.26773126E+03 

. 14336006E+06 

20.00 

. 16771365E-00 

• 13346228E+03 

.71248720E+05 

50.00 

.66406678E-01 

.52844754E+02 

.27925680E+05 

100.00 

.32503413E^C)1 

.25865393E402 

*13380371E-t-G5 

200.00 

. 15352425E-01 

•12217071E+02 

.59702728E+04 

500.00 

.46812512E-02 

. 37252212E+01 

.  13877273E  +  04 

1000.00 

. 19479755E-02 

.15501496E+01 

.48059276E+03 

2000.00 

.89667300E-03 

•71354968E-00 

.20366126E+03 

5000.00 

. 38820698E~03 

. 30892529E-00 

.95434835E+02 

10000,00 

,23043557E-03 

.  18337479E-00 

.67252628E+02 
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(EX»HY)  H.E. 
R  =  .30E+01 

D. 

Sl=  .2000E-00  52 

A99 

=  .2000E-02  D=  . 

40E  +  04  E=  .IOEh-06 

T1IETA=  90. 

T 

00 

E/H(MKS) 

E/H ( PRAC ) 

APR. resist  IV  ITY 

.  1  0 

. 42764490E+02 

.34030899E+05 

.23162042E+08 

.20 

. 21349646E+02 

, 16989508E+05 

. 1 1545735E+08 

.50 

. 85140536E+01 

.67752684E+04 

.45904262E+07 

1.00 

.42425273E+01 

.33760958E+04 

.22796046E+07 

2.00 

. 21105982E+01 

. 16795606E+04 

. 11283695E+07 

5.00 

.83776729E-00 

.66667401E+03 

• 44445424E+06 

10.00 

.41713302E-00 

.33194390E+03 

.22037350E+06 

20.00 

. 20752409E-00 

. 16514242E+03 

. 10908808E+06 

50.00 

. 81492368E-01 

.64849564E+02 

.42054660E+05 

100.00 

.39098853E-01 

. 31113878E+02 

. 19361468E+05 

200.00 

. 17469460E-01 

.13901754E+02 

.77303504E+04 

500.00 

.45888029E-02 

.36516532E+01 

. 13334571E+04 

1000.00 

. 17548852E-02 

.13964932E+01 

. 39003866E+03 

2000.00 

.73057636E-03 

.  58137418E-00 

. 13519838E+03 

5000.00 

. 25664989E-03 

.20423549E-00 

.41712135E+02 

10000.00 

. 13455819E-03 

. 10707800E-00 

.22931396E+02 

n 


AlOO 


C  EV/HX 

H  .  E  .  D . 

R  =  .20E-00 

Sl=  .2000F-00  S2= 

.2000E-02  D= 

theta=all 

angles 

T 

E/H(MKS) 

E/H ( PRAC  ) 

.  1  0 

.69588526E+02 

.55376788E+05 

.20 

.24726524E+02 

. 19676742E+05 

.50 

.63091552E+01 

. 50206660E+04 

1.00 

. 22478805E+01 

. 17888064E+04 

2.00 

. 80280213E-00 

.63884962E+03 

5.00 

.22151195E“00 

.17627360E+03 

10.00 

.807966188^01 

.64295904E+02 

20.00 

.257390948^-01 

.20482520E+02 

50.00 

.54644881E-02 

.434850138+01 

100.00 

.192649008^02 

. 15330520E+01 

200.00 

. 781 16483E-03 

.62163120E-00 

500.00 

.29113180E-03 

.23167532E-00 

1000.00 

.  12761100E-03 

. 10154960E-00 

2000.00 

.65521998E-04 

. 52140748E-01 

5000.00 

.30270829E-04 

.24088760E-01 

10000.00 

.  140803018^-04 

. 1 1204747E-01 

R  =  .30E+01 

Sl=  .2000E-00  S2= 

.2000E-02  0= 

theta=all 

angles 

T 

E/H(MKS) 

E/H ( PRAC ) 

.10 

. 15111739E+04 

. 12025539E+07 

.20 

. 53446304E+03 

.42531216E+06 

.50 

. 13532194E+03 

. 10768577E+06 

1.00 

.47836262E+02 

.38066887E+05 

2.00 

. 16892832E+02 

.13442888E+05 

5.00 

.45983950E+01 

. 36592864E+04 

10.00 

. 16936730E+01 

. 13477821E+04 

20.00 

. 54160959E-00 

.43099920E+03 

50.00 

. 10049587E-00 

.79972070E+02 

100.00 

. 26110623E-01 

.20778173E+02 

200.00 

. 67155116E-02 

. 53440342E+01 

500.00 

. 14818829E-02 

. 11792449E+01 

1000.00 

.60707014E-03 

.48309105E-00 

2000.00 

.28035161E-03 

.22309672E-00 

5000.00 

. 10868827E-03 

. 86491374E-01 

10000.00 

. 54034897E“04 

.42999603E-01 

R  =  .50E+01 

Sl=  .2000E-00  S2= 

.2000E-02  D= 

theta=all 

angles 

T 

E/H(MKS ) 

E/H( PRAC ) 

.10 

.47827508E+04 

.38059920E+07 

.20 

. 16881628E+04 

. 13433972E+07 

.50 

.42653602E+03 

. 33942657E+06 

1.00 

. 15056950E+03 

. 1 1981940E+06 

2.00 

. 53102194E+02 

.42257382E+05 

5.00 

. 14432182E+02 

. 1 1484765E+05 

10.00 

. 53106720E+01 

.42260984E+04 

20.00 

. 16967850E+01 

. 13502586E+04 

50.00 

. 31574851E-00 

.25126467E+03 

100.00 

.84830226E‘-01 

.67505747E402 

200.00 

.21848416E-01 

. 17386416E+02 

500.00 

. 36156546E-02 

.28772464E+01 

1000.00 

. 12192473E-02 

.97024614E-00 

2000.00 

. 50899338E-03 

*  40504405E-00 

5000.00 

. 18779697E-03 

, 14944408E-00 

10000.00 

.923466348-04 

.73487114E-01 

AOE+04  E=  .lOE+06 

APP. RESIST  I VITY 
.61331772E+08 
. 15486967E+08 
.25207087E+07 
.63996566E+06 
. 16325154E+06 
.31072382E+05 
.82679266E+04 
. 16781345E+04 
.  18909464E  +  03 
.47004968E+02 
. 15457014E+02 
.53673454E+01 
.20624642E+01 
. 10874630E+01 
.58026836E-00 
.25109272E-00 
40E+04  E=  *108+06 

APP. RESIST IVITY 
.28922718E+11 
.72356172E+10 
.11596225E+10 
.28981758E+09 
.72284496E+08 
.  13390377E  +  08 
. 36330332E+07 
.74304124E+06 
.63955320E+05 
.86346494E+04 
.11423481E+04 
. 13906185E+03 
.46675392E+02 
. 19908858E+02 
.74807578E+01 
.36979318E+01 
40E+04  E=  .lOE+06 

APP. RESISTIVITY 
.28971150E+12 
.72188640E+11 
.  11521040E  +  11 
.28713378E+10 
.71427452E+09 
.  13189983E  +  09 
.35719816E+08 
.72927932E+07 
.63133934E+06 
.91140518E+05 
.  12091498E  +  05 
.82785468E+03 
.  18827551E  +  03 
•65624272E+02 
.22333533E+02 
.  10800712E  +  02 


# 


J 


